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A clap' bo reliable racihod or inspecting or non^^olructivt ly 
testing bonis between cams and faces of aandw eh panels as used 
in aircraft is needed b.’ tla industry* Considerable effort to 



discover such a sot hoc! is being csporalod as the use of t’-eoo now 
mtcrials becomes novo popular* 



The project the writer ?-nd in rind at tie 1 eginninr of tills 
work was to discover a principle upon which oeihodc of istspsetion 
could bo based that would indicate the internal conditions that 
existed in a candwicI>-:ntorial panel. In order to ui weaver the 
principle desired it vas necessary to determine the conditions 
that should be detectod in the inspections. The re seal'd: re- 
vealed tin'' there was ven y little concrete infojt3atio» a' out the 



sen&rich catcrial3 readily available* It was decided o Unit 
the investigations to flat pa:mols of ore typ»* rarely * c tali to 5 
an aluoinun surface — ’nlca cor«— •oluoiaMB surface Bute: ial, aa d 



to investigate fundamentally as nony different principles that 
sight r o applicable to that particular type of construction as 
the tine and equipment avails 1 1c would peroit* 

Tho difficulties oncvmtcrcd in locating infoiration on fab- 
rication noth ads 3 design specif icatlans, exponent rut i ial, a..d 
standard tost specifications as well as information on pie /lately 
attempted inflection not'- ode lead the author to otsssaiiao in the 



report none of the gc rural information acquired during d: inves- 



tigations* Tiro sources of this general i:forration were also 
carefully referenced in order hurt aryonc attempting to accomplish 



a alrdlar oL^ctivo vrauld bo enr.rcd tic scorch voq i:*cd to locate 
this UMdc information. 



?bo niter video to acloia/lodfjc the aaterial aid and tccli- 
nical assistance yiven bin ly ’ r. Thr/id n . feid and other gwsbors 
of Use struct- ral c' ^ncorlnc dl/ioioH oh the lianoe ’ ony-t Mr- 
craft Division of tie "rated Aircraft Coipoiatlon^ lallas, Tessas 
and the cooperation esetonded by the. forest *" rode etc aberutory. 



hadison, ‘ isconsia durir. his visits to t ax, la. oratory, ippac- 
ciation is also extended to Ifofessor J. A. “ice, thesis adviser, 
for his a any sueecstdoris and yukiaixo in the preparation of lids 



paper* 
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Tills thesis pzcoontc the results of an Investigation of tine 
inspection ncttodc a:xl ricn^otructivo toot procedures v/.dch night 
bo used in locating defective and Inferior bonds between the coro 
sections or tl:o core and curfaco sheet of i'ctalltc. 

?!to report includes a brief discussion of the dovolo^anont 
and production of sandwich isatoriais, their application in tl» 
aircraft industry, and the of fee to of bond defects on *.h® strength 
of the mterlal* 



Tho investigations ware United to flat aborts of one type 



of oandcich ratorial, an end grain balsa coro with t’ in aludnun 
plate surfaces, produced under tho irado nano of * cialitc. 

ho simplest and uost satisfactory rothod for detecting; areas 
where tho f 003 of t o sandwich are not firrily attach ed to the 
core was found to be a siaple tapping OGtho&~t3:c inspection 
nethod need in cosracrcial production at tie present tire '% C3«noo 



Vaught /ircraft Corporation. This notlcd failed to detect arose 
of v/oai bond or to locate open bond* in tie core satorial. 

Various xacthods basod on eight basic principles wore attos^ptod 
and oro discussed individually in this report. Of the eight prin- 



ciple only two, the surface deflection principle am. tic lent 



conductivity principle, gave indications of being abl 



areas of weakened bond. 71 se raothods used in applying 



.e to detoct 
ti e surface 



deflection principle woro all explicated to porfcra, very lira. tod 
by tic richness of tho surface shoot, and if not caiefully con- 
trolled could introduce destructive stresses in bond or coro 



V 

directly under the area being tested. It is doubtful that the 
principle could be developed satisfactorily for confer ci*l use. 

The application of the hoat*-conductivit 7 principle was sin- 
pier and appeared to offer proniso for further development. Tlio 
greatest weakness observed in the applications attonpted •was in 
surface temperature scanning. It is believed that by developing 
a more sensitive and flexible method to determine local surface 
temperature, the principle night be applied cocmercially. 

Some of the other methods were discovered to have individual 
advantages for special applications and might well be used in com- 
bination with other methods to insure perfection until a reliable 
general inspection method is developed. These specific advantages 
include the ability to locate flows in the core material bond by 
X-ray, the ability to locate doublers or splice bars by supersonic 
inspections and changes in core material by the soundness tests, 
all of which arc fully explained in tl»ir respective sections of 
tills report. 

Ao a result of the investigations , it was concluded that a 
four stage method of control and inspection is necessary for uoo 
on all fetalitc which is to be used as a stressed structural 
rate rial in aircraft and should includes 

1. A complete critical process-control throughout the 
entire production cycle with controlled destructive 
tests of companion samples or waste margin material. 

2. A careful visual inspection of the surfaces for 
blisters immediately of tor the material is removed 
from the autoclave. 

• A complete ’’Tapping" inspection by a trained 



3 



%t ft 






at * 









••rv 






to i 






* <A 



• •< 



■»* 



>* .1 



. 



inspector after final fabrication before assembly. 
A button-pull surface deflection tost of any sus- 
pected area and random pulls in areas of Lnosn 
critical stress concentration. 



n’iftoDucTio:; 



The aviation industry, in attempting to keep pace with the 
ovor-incrcasin, 1 der^ands for improved performance in airplanes , 
has been experimenting with various typos of airplane construction 
and airplane materials, (hie 3uch material which promises to bo 
suitable for fairly General use in tlie industry is "Sandwich” 
material. 

Sandwich construction consists of a light weight core bonded 
to strong facing materials, and many combinations of core, face 
material, and adhesives arc possible* Various combinations each 
offer specific advantages but the combinations which are able to 
compete with tlx? higjily efficient ail-wnetal construction of 
present day aircraft and that are suitable for ener&l use in 
modem airplanes are limited. 

The U. S. Pavy has attempted to encourage and assist the air- 
craft companies to develop same of these materials through its 
re scare! and development program. A ratal-faced balsa-core cor.— 
bination, now Generally known to the industry as ,f ketalite", has 
been under development by the Chance Yought Division of Unitod 
Aircraft ainco 19u2. Tils material has passed through, various 
stages of development and experimental testing and ic now being 
incorporated in the latest tpe of production aircraft being 
manufactured by that ccnnaiy. The faces of the material are 
made of hij^i-crtrongth alislnun alloy and the core of a lcw^-den- 
sity balsa wood. The balsa wood core is arranged with the grain 
of the wood normal to the metal faces as indicated in Pig. 1. 
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Tsto different methods of bonding the faces to the core aro 
used in manufacturin the material, loth, of which aro described 
in detail in Appendix A* One process is a two-stare bonding opera- 
tion in which Cyclcrsrcld 0*3 cement is cured on the metal faces 
and then bonded to tire core material with a aediue temperature 
phenolic resin adhesive. Dunes 13297* The other process employes 
a high temperature-setting Iwo-componant rosin with a thermo- 
setting liquid and thenr,opla3tic powder called hedux. The final 
curing in both methods ray t© accomplished in a thermal press or 
an autoclave, but in order to meet the specifications set up by 
U« S. Davy, the autoclave curing process is used exclusively* 

In developing kotalite, much effort both in the laboratory 
and fabrication shops lias been devoted to detomining the best 
and most positive net hois of processing the component parts. 
rxpcriEcntal work in the uso of high strength cetal-to-i otal ad- 
hesives for bonding metal structures, such as control surfaces, 
engine cowl flaps, and access doors, was started in the aviation 
industry before the beginning of v or Id Tar II. The knovrlcdgc and 
experience gained from that work greatly aided the preliminary 
dcveloptxnt of the bonding required in the devoloppent of tin new 
^Sandwich** natcriuls. Tnc cyclewcld was developed directly from 
the best motel-* to-octal techniques in use prior to 192*2. 

The construction in sandwich; fora is essentially a rolling 
operation in cost applications* The application of tide construc- 
tion does Much toward the elimination of buckling and increases 
the stiffness in Idghly-stressed aerodynamic surfaces. These two 
characteristics of the material sake it superior to the common 
materials applied in the conventional manner. It can be readily 
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realised that the stiffness and buckle resistance arc dependent 
on the core natcri&l and bond strength between tie face sheets 
and core. The effects of certain defects in the bond upon the 
strength of tost panels subjected to tension ana flat edge-wise 
compression are given in Appendix 2. The aanuf ac taring process, 
forming process, curing process, and material used all affect the 
bond strength. Therefore, when the material is to be 'used at 
high design stresses, the bond condition is the important factor 
since uniform satisfactory cores can be processed as described 
in Appendix C. 

In the development of the material rsudh research has been 
conducted to obtain consistently uriforn aid, sufficiently strong 
surfacG<-to-core bonds, and in present practice good results are 
obtained by using exacting process controls, Hewetor, the possi- 
bility still exists that process control will pornlt sore defects 
to occia*— hence , a method of finished product inspection is re- 
quired to assure a perfect result. A Method of inspection is 
desired to periodically determine the condition of the material 
throughout its service life. 

It is toward determining a principle upon which a simple 
nondestructive inspection method can be based that the investiga- 
tions described in this tresis were conducted. 

73)0 strength characteristics of the material any be affected 
by several kinds of imperfections or flairs, the most serious of 
which are: 

1. The lack of bond between the surface sheets and the 
core material. 

2. A split or ruptured core — o;>en bond joints in the core. 
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3. The presence of t?cu! bond joints between the surface 
sheets and the core naterial. 

U» A woak bond .Joint in the core naterial, 

A difference in lone! strength between surface and 
core material on opposite 3ides of the core* 

6. A variance in bond strength over the surface sheet 
area* 

7* A defect In coro material strength, density or 
condition. 

The conditions causing No. 7 above, can he controlled satis- 
factorily in the ranufacturin- process, but should be considered 

in complete in-service inspections* Due to the limitations of 

/ 

this investigation, I ten lio* 7 i3 mentioned, but no further con- 
sideration has been given to it* 

Do struct! vc torts were relied upon in the development stages 
to determine tie internal conditions, but when the naterial was 
made available for practical application, the destructive test 
methods had to bo replaced by other types of inspection. 

X-ray techniques were tried but they did not locate the weak 
bond Joints or voids in surface-to-core bond3 except in very 
special cases. It ms found, herrever, that tie X-ray inspection 
tns useful to locate doublers, to detorninc the internal c addition 
of the core material, and to investigate the fit of adjacent core 
sections, ©f . 1* . ypersonic methods hove been investigated and 

found able to detect the larger bond void3* The net hod holds 
promise for future development but lias not proved satisfactory 
for application to production at the present time. A pres cure- 
heat method conducted by returning the panel to the autoclave. 
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reheating and pressurising, t!cn suddenly depressurising it, there- 
by causin' the internal pressure to rake blisters appear in the 
surface material above vea or no bond areas, gave acceptable re- 
sults and is used to sere extent in comcrciol production to locate 
rcak bond areas* The simplest, most reliable and practical isothod 
yet discovered too found to be tlx? taking or coin no tied. This 
ncthod is used extensively throughout the industry* Corrcrcial 
production of the ha tali te used in Havy contracts is inspected by 
th« last two rethods mentioned above* 

In an attoept to find a none applicable positive flacr detec- 
tion method, eight additional basic principles have been investi- 
gated.* They arc: 

1* Boat Tadiation Principle 
2* Thermal Conductivity Principle 
3* heat Absorption Principle 
h* brittle Lacquer Applications 
a* Vibration Effect 
b. Heat Effect 
c* Flexure or lending Hffect 
£* Fiast or Chock Principle 
6, Conic Vibration Principle 
a* Tuning T 'ork response 
b* Oscillograph Indications 

1* Street Picb-Tp rx;cba,nicr.lly connected 
to plate, 

2. Sonic Picb-Pp operating through pyrarddic 
chamber 

3* Sound Propagation Vethods 
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c. Fir* Particles Vibrating on Plate Surface 

1. 'etal Filinro 

2. Talcum Pander 

3. Silicon Powder 

1{« Fins Parti elite suspended in a liquid 

d. Scso’so Convection Patterns 
c. Oil Film Detection 

1« Suspended on T'ator 
2. Free on Titrating Surface 
3* Proplet3 

7. Surfaco Contour Methods 
a* Visual Inspection 

b. Surfaco Under Vacuum 
1* Visual Inspection 

2. Mechanical ‘ oasuromrst of Deflections 

a, light Fean Method 

b. /.res Dial Application 

c. Sudden Pressure Change Method 
1* "orrml Tospeiature 

2# Autoclave Process flevated Teisperatiiros 
8* Soundness Principle 

a. Tapping 

b. r ouncing Steel Pall Tost 

c. Sand Plaet on Painted Surface 
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Methods Currently Coed 



In the actual production of T'ctalito tho final inspection 
io cade in taro nays* After the final bonding' operation the panol 
is placed “uncovered in the autoclave and subjected to the once 
temperature and pressure conditions as wore applied during- the 
bonding* The internal pressure thus built up in the panel will 
cause a bulge in the face Irracdiatcly after removal from tho auto- 
clave if a weak bond or void racists. Tho second method used is 
tho tapping mthod. In this method the faces of the panol are 
tapped with a special light weight tapping banner. "onded areas 
piroduco a sharp, solid sound. Void areas are indicated by a dull 
sound. This cetbod has proved vory reliable in practice and is 
widely used* 

In addition to the two methods described tho obvious visual 
inspections reveal any major defects such as surface blisters or 
open edges or. a panel that eight have been caused by malfunctioning 
of the curing equipment or molds. 



Methods Previously l ’reposed 



Early investigations conducted in 19^0 by Dr, obert Pohlan 
for the British Ilaval nunnery Mission resulted in a method to 
locate flaws inside metal plated objects and butt welds by tho 
use of sound w^ography using the acoustic inage principle, 
later attempts to adapt this method to tho inspection of retail to 
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involved equipment so large and c explicated that it was not con- 
sidcred practicable in view of the questionable results obtained* 

The Sperry Products, Inc. of Danbury, Connecticut conducted 
oops investigations in using the supersonic shadowgraph 
principle to dotoct flaws in laminated tutorials. The lens 
system of tl >o equipment was developed and ncthod3 of roducing 
the effect of standing raves, Tfhich Ijad previously prevented 
sufficient penetration of tie raws, wore discovered but accopt- 
ablo results were not obtained. Kef. 2 . Again in April of 1 9h9 
the Sperry Products, Inc. concentrated their efforts on tie testing 
of Vo tali to. ry tliio tixso a crystal count of simple design had 
been developed for use in the ultrasonic tank, the standing waves 
had been neutralized and sufficient penetration could be obtained 
by the use of the higher voltages the new crystal and mount could 
stand. Thick samples of he tali to, 7/1 6 in. thick core with as 
nany as seven aluninua layers wore tested and readable results 
obtained. The high voltages required poood particular diffi- 
culties on this equipment and its operation but the laboratory 
results obtained seemed to give conclusive evidence that letalitc 
sections could be tested oucccssfully for lac'/, of bond in this 
manner. Ref* 3 describes the equipment and procedure used and 
concludes that there is a good possibility tint the method could 
bo developed into a faster process than tin tapping method cur- 
rently used. A sketch of proposed Retail to testing equipment 
is included in Ref. 3 , but the extent to which tide proposal 
has been developed is not known. 

The Chance Vought Aircraft Division of fnited Aircraft Cor- 
poration is the manufacturer of letalitc, and has attempted 



. 

«r i- f 



- 



• * 



>« 



*-. T 




V! 




wtrwi 






« 

. 



various nethodo of inspecting t '10 finished n«-icrial, Thcp at ono 
tine attempted io use a brush rirporsoiic tnsljrser 3 vbic' had been 
used successfully f the Ordnance? Pe^xurtannt Tor detectin': voids 
in r octet pwrdcr sticks :und by tlx- Ooodycar i remit orporation 
for bond strength dotarninet ion in retal to Dotal 1 orating. Tlx? 
ro cults oi tho attonp' arc given in lei. h t but in gcn-ral tic 
tests guvo poo:’ correlation between to.. silo strength and the 
analyser records for lot!? toots using tie 9 0 heps and ho hhO heps 
crystal fcmKiucero. "ho detects' Me uri ended art as ’.a. re ugpra;dL“ 
note 2y ono inch nininuas dxasetor and art as vcai<i nod • ond were 

undetectable. Tro netlso*! used in the "rush \ralyncr should per- 
cit tie observation of sane of the t geo of defects encountered 
in Totallte and ■*. on t!,o word at lance fought ras discontinued 
the reports as given in "ef. h 9 indicatoo V. at a sinilnr prograo 
vsas bcinr unici’ta’.on 'y tie "oval cocarch 7 a! oratory Vut inf ce- 
ssation on this prograa has not been obtained. 

The /d7C fubccnrittoo on ’ ood M: craft Structures late in 
1 9h& ro gue o': cd the bores t Products laboratory- o evaluate tko 
various insrxjction rethods the laid been proposed end also to 
attonpt to develop and evaluate oilier inspection and non-destruc- 
tive tost procedines for use cr. r-arKScici. igpe aircraft ccs:struction« 
This imostigation continued free; late in 19o to 'a-’ 19b? then tho 
results ex re .olcasod in a forest rodnets laboratory deport ho. 
1569, Stef. 9. 

wso report listed 4 on thodr. of inspection w!J-el appeared 
to offer great so in dr c - ini * tJe quality o. Joints between 
cores and faces oi sanJwic' ;«ne Is. '"'boy am: 
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1* Visual Inspection 6. "'ost 



2. 


Cpocial i rating 


?. 


ntemai- xncr’o .cot 


3* 


Tapping 


r* 


Tontine hr .pic be • arc! 


h. 


fupcroonic Ins. • ction 


9. 


r ocal ’eating 




Tseposere to ’ 'scums 


ID. 


' utton-Tersion Test 



All of tic =thods wr o concluded to have so dc oevit and 



under coi’taln United 



condltJ 



ons went? 



capable 



of do tee 1 



actual 



voids or unlived areas between the face end core. ho tapping 



test jxjrf erred by a specially trained ;erson a; spoored to o tie 
raoct practicable and dependable* 

hone of the tests investigated presented practical and deport, 
able reans of inspecting sandwich panels for .jualit'v o. Joints and 
it appeared th-M cot^inatiaa* of tic test ncthods would odfer 
littlo prad.ee of inyirovcrents. 



Bet' ale fried In This Inveatij'ation 
Tepainoent I sod 



The tr^aducere 



used in i’.osc cxjcriixsils wore of tlree sires 



and node frosa sta:da:xl radio ecji.iyx.-v;t. Te scalier was lc 



clDctroKu^ptclic recisanis* of an earphone will a ole. Jet' ctal 



prole soldered »o its ~etal draplaagp. lor t’ second* a 1 rger 
dynamic earphone was fse dfied by co.xi t-n, a pro-e to c vubratis^ 
con o* Tie tMrd, the heavy tranaheor was a ivo-ineh r ratic 
spealaer rcu^fied by raplacir - Je lose cone ru. - fut e rxx liar 
ring holding a tripod rouatod prole. ' n -. t'ix.c bra uccrs were 



used intorcliangoally 



t o o.. • ? 



•to to vary Me ir/Uouity of 



the induced vibrations. 










































' 












11 



Three typos of dcr-u a ?/e:o used. nc a atarlm-tl 
corbori-cryo tal picir-fep fron a Ivc-watt rccor.’ v layer • in which 
the needle had Ven replaced by a stiff rota! pro’ c. To second 
too a modified dynamic plcu-cp rith a octal pr~T competed to 
the interior rinr of the : < ceptim cone. ’In third uus a standard 
aviation-typ« carbon lin-rlcronhono Tit',, a rr’al pro'c col Jc reel 
to tho input dtapJ The throe picb-upa vero also used intcr- 

clismcoahly, ‘xrt t* c modified aviation iJ.eropJ.ono was tic ..oat 
sensitive and vtae rood JU>«i ex tenaivolf. 

Several pieces of au ,'ortin;; equipment were fabric . ted to 
hold ta» transducers and pdcb-'ups, all of vjd tw ct-uips#d to 
assure consistent spacing of tlx* cquipKont, proper ; vet sum be— 
tween tho test equipment and the test saxpl©, aad urJLforo nobil- 
ity of t’o testin' £ear over the evrfr.ee to v e tooted* Toy aro 
shewn in tit; ilius truth one . 

A cceuercial oscillator capable of prod cin electrical 
occillations fron 20 to 20 5 000 cycle s pr r second, an' 2 anpli- 
ficro were ’seed to provide t*o controlled oseillatioac* 

A type 203b fu’ out hatbodo- a r ccillarraph wan used* 

Tie optics o a '"airc! ill irex’a t 'ctani, and its 11, ft 
source were used dxaJn • one of tho surface deflection teats* 

A 10 inch dynamic radio^type loudspealjor was used to origin- 
ate tie sound waves and free air vibration icldc* 

An adjustable sprin. loaded picl:—up bolder was fa’ rica od 
for use in ooae of the .-urTace ocarninp Methods* 

"arlous simple hollo s, franca, a ano!. chamber, a:* 1 support- 
ing dovicoo wore cade, ail of which ixro pictured a* used in the 
cnperiimts* 



TO 



An .ioes-.,ial Deflection ''ape, eapa 1< of -asurc:: nt to 
1 / 10,000 in*, ran i ed in tie - erf ace deflection testa a.-, wao 
supported V a specially constructed triun -ula: r*tal fn. o* 

Tl» vasuun c’ .ar’ cr van a IO 3 in. Planctcr oC-lc fie' ness 
plastic cylirjdr' , reinforced as aom* " 2 .is cylinder h*-l on 
altminuK ’aso la - and top and contain, d a tap onto lie? tie 
uvaouator wao centre tod. 



la special ia-pinp h«K 3 cr used ic descri’cd s: 'd pictured 
in the illustration* 

Tie Ixratin c a be:* used mo an electric ’ cot In iiruoc 
donestic oven in vrlicb tie tenperature lowed ms ai stained by 
tl.o oven tbcinostal. 4 picture or the oven is v ae Is r .in 
several oi tie inspirations • 



duo bey one t trpe and one fist tul rcur/ t • re; tors 
wore used in o' tairJLn cl ussier and surface tc: fterutwos* * 



come rcial "aylor ovc. t! c scarlet r isiis used to ck? teruine ercact 
seating chamber temperature t ..jd 13 calibrate t’.c oven t' ers os tat. 



A woolen blast c harbor 10 in. 
structod fros hard yel a pine and 



by 10 in* by ^ in., con- 
roinforeed ’ •/ steel 1 irJinp 



bonds, was used ir tie concussion tests. 



tutorial Pood 
Test srplos 



Tho 1 etalito used in tl sU prod* 
edux process i ate* lul fa* ricatod 1;, tic a toe lave to 
specif-, cations, cl. C, by tl.e hanco ou” 1 1 ircralt 



ucticn-run 

u ♦ « ilvjr r 



j/xa-.ai 



-U wtU • .J*4. Uw- V 



orparstion. 
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Tlse xs'cllnincr:’ inreatigations *?~rc conducted on too sheets 
of differen* ihiebreca with enaggara’cd defects. The Icfect in 
one hud Toon redo red a. really by removing are surface ohe< t and 
the core raterial vl' h a circul-r ixolo cutter, thee '.car’r. 
oeoentially only a flat circular alusaim® pi- c section in a 
’’ctalito sheet. lie defect in t c other had ho n node hy 
separating ti e surface* ret * 1.1 iron the core with a i! in retsC. 
ctrip, tie rely leavin a. , area of no ’xjnd. ;ig. 2. 

7?X3 dirnonslons of erics 1 carpi. a arc: 

Carole 1-1 

Surface ‘ate rial Thiebreos 0*012 in. 

Core Thichness 0.2i'0 in* 



cr .pic: -i~2 
0.015 in* 



Dirxinoionc ( appracirnto ) 



2 : 0 in* 



0.375 in* 
6Jj :: 7 in. 



later invosticatisKC ’.Toro con lctcd on Isi-pcr shoots of 
the 9MK98 asfcerlai as used for 3acpl* 1-2 described above. 

'1 control penal 11 in. b 11 in. r;an cliooon at randon fi’on 
tie sections cut out of ore large erect of prods cti on-cur, *’ct— 
alitc which Tied paccod all of the uscal inspections rejuio ? for 
tlse material before final fabricatl on in industry. 

Throe toot panels also 11 in. by 11 in. were - e ar d free 
the renaining ejections of the acre not rial, eac containing a 
different IJ.nd of t/pieal defect in land Joint. 

Tix? first, r:pln 2—1, rede to rep- 1 a nt a . oren *ond Joint 
between th .surface a' vet red core . at rial wac reprec 1 by in- 
serting a heated tlin rial strip 1: ‘.le ourfocc-to-coie 'ond, 
tt creby opening the ’ end and ourein, a void In tie tret rial lo- 
cated ac shewn in 'ip. 3. 

Tho second, -a. pic f-2, nude to represent a wrahened ’ end 











A « * U 






between the surface a cot a;. >i ■ core .at rial woo prepared by 
beatlnr one & face of t - o ; cel —lb an el ctrlc iron to I;23° F* 
for 30 nir rates. The pcml In tttio c edition is raferre* o co 
’’aspic 2 - 2 . later, ’ eee.u<e of tie ocareit o_ etalit© for use 
in t!» toots, this sate ; o:x>l mu tented .or 20 rdrsatos on the 
opposite surface in l- he flame of a ~asoli nr blowtorch, u • in 
tboa csndltlces is referred to as fsqple 2-2b. "si. latter cordi- 
tion ink ascuned to ixpreocn*- a coftJitijn in viler tic ' o:rd be- 
tween the surface s’ ect too corvittely destroyed, ut that there 
still Josiaincd u contact letsmon the cti’o .jatcrial ~nd c surface 
sheet. It van suspect d that lid. t .c o.‘ defect ri it produce 
results scrMMtKt different froa thcco o' tai rod on 'crplo 2-1. 

The t' ird, fanplc 2-3, nude to rc rcoonl overstrccocd, 
ced;anically ' roken, or irregularly see .red '-.ml joints or rup- 
tured core natcrla in V c sample too ptwporea j loacin r a cinply 
supported test panel past its yicl. point wit; a oinyl concen- 
trated load applied 1> cento.., :t evil, tie (suiting 

vioibl deformtions vit' a reel Nuuical press. 

Tlxr test panels of erics 2 rmi'c all insori'-xx! .it* a rofer- 
enco grid of t.7o~Inch squares located a, . nun cred as s.'/jwn in 
• if* 3« 

Sane tests were conducted o', stain so- ilea rad. o. i c oarxs 



material as used for a- plo 1—2. 

1 control atrip tv 3 Inc', ea wj.t«a ar „ d va. uu a lone too 
selected at render frosn four Identical stri a -- ic had Icon curt 
freer the sheet of * ctalito used for t te p ,olo of .-erica 2. 
w no xvsmininc three straps wore :c xircc ar.d rux’ to 



correlate tie defects in c , u .oi. r cries 2, ip. lt» 
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rsnplc 3—1 contain dal -v.; opor? corc-%e-r ■'face ’ ond. 

"aspic 3-2 Jiad a weakened lend condition, 'ut viti the 
core— to-surfaco ’ond 'intact, created ir.tlr-.to contact lotsccn 

» t 

the ooi’o ar.d surface : at/, rial. 

S aspic 3—3 *>ad an o.^ ’stressed section In '.die' Me condition 
of tl.c defective coro a. d bond too art .naan. 

The tests noqidrin, larger panels xrr.vo conducted on sliects 
of tie wrap rate, lal as used for a splr 1—2 dcccii’cd a’-ovc. 

One, Sample 5-1, H In. by 2d in., contained a rxichanically 
ruptured care-to-*urfacc ’ ond, a split core, an." so area of sus- 
pected weak to nd located as shown in ij. 5. 

.tnotlcr, a. pslc d-2, 35 in. by 35 ir.., had one sound surface 
used as a control s rfacc, and cental!**! Mvo snail con -to-our- 
facc ' ond failures indicated b the viol le blisters located as 
a’ '.own in ±c 6. 

""ho third, ar-plc d-3, a 26 in. by 2 {. in. curve ai craft 
door, contained maaoroua defective orc-to— surface leva ar as 
located as s.oon. In "ij ?. 

One other test panel, 3*aplr 5, 12 in. b 12 in. vith .C12 
in* 75 -'-7 aluninuo . urf acc sheets on 0.375 ir. 1 ulna core eor.~ 
tained thr e areas wide' rad not hc<.n coated tritT '•"csive d urine 
the fa’ ideation process, lo-atocl as a 'own in ir 7 
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"osis 1 >tti .xvfor <cd an x r Ion test tlscults t; c. fran 
suspected defective areas in * pies 2-2, °~3j 3-2 j and 3-3 
indicated that t'o VMdvnrd conditions suspected vllu < u.stj F, j 3 ^ 



r>g..pic 


?' onion "cot 

i sy^se « **.n# 


percent of 
octroi 


.'ontrol 


1130 


ioor 




•** 


10.2" 


?-3 


323* 


or** 

<*✓ 


>2 


230 


223 


>3 


300 


263 



Tests 1 erf oxroed 
“oat ail at ion Principle 



Tito Iasi*- idea of t' is section tra to u?ter. ir* 
of tie difference in tond conditions bonsai; tie ala 



•- c effect 
iirarr. sur~ 



face on the* :v o of cooling of < r e r-etal a rfaco* 



The initial aitor pt to c' cch t. is radiation pcinciplr vxio 
radc by heatin' , -arolc 1-5 in a 200° F. electric ovc * for J& 
ninuiao* 3c aasplo mis roroved and a V, err one ter attached to 
a lxo*ci sop nd a\ rface area. 71 w a»a*faso temperature vac a c;, 
at Ufo-oinuto intervale for ten rinutea the aver a c rate of 
coolin; do cmixxl* '7x3 sane as: -2* va* i-cdeated and t c process 



repeated wit t c tbomweier attached over a '.cxwn deflective 
area* oil. carpi* 3 tr re cool' i in *. o sarx; onicm^I . -A'imrxnts 
and tie cooling rates c > rated a. or t «. c»c tc. peratux* ra..*c* 
Table I. 



The proiLriinar, in oiil^stiun indicated a c y.lii r to of 
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2,$° ?• per rintito for au nd a:r?as »a4 3.0° f. pc: ? drrute for 
defective areas — a difference of 2C£% 'tod there r o.lto it 
was caocluSod t fa-, t; c coolin, rate was of footed by b> Internal 
condi t_ono a.xi that an attempt si n.ld to node to apply is prin- 
ciple to a 1 .rear novo . cprcsentailvo aar.plo -«f tic ratcriul. 

Post fir .pie 2-1 was limited for 13’ nintxtos on a specially 
designed met in an ele ctric oven bca ad to 200° F. Tic speci- 
men van then imoved and tie surface ton^e nature of ocean grid 
centex- points laic:: in rapid succession. ”c process ms jo— 
poated end tie tasf*. natures of the ease seven points t&hon in 
inverse order* An avera e of V.xtcc tonperaturea, as oaot: in 
Table II, indicated fot the torpcratxre of the c tire surface 
of the tost panel was tmifors trl.cn rorrr/cd frsx. tie oven* oc- 
cossive tonperaturo readings were taler, at four rinirtc inlcrvalo 
on tie oare points, the averaging process rotated, rr:‘ tho 
c! rapes in tcrrrratrro cxrparod ct each point. eo Table II. 

A difference trao discov* -.tx! in tie rate of cooling o tie points 
tostod. It appeared ibre the gr -atost drops in tccporatnic 
occurred aw defective areas an indicated hy the results o ! tadnod 



an grids 7 and G. 



Tost Carplr 2-2 vras tested in J ’ o 
iuros ettainod in l* esc tests aro shown 
can of tiro svorapoa o' trinod failed to . 



cmar. i annor. ~'i ;c tempera- 
in "able HI. \ co^MWi- 
in -icat* any lad. cal <lif- 



fercnco in tho coolin. rate* 

Test -larplc 2-3 vac also tested in t' c on e tarter, rnd fire 
teirpor&turea o‘ ta^rsod are ibiown in ’able IV. con.-arison of tie 
averages indicates considerablt: variation in tee cooli. g rate of 
the surface stations in tie panel. 



It va 3 concluded t' ,.i tin principle irwol^ed vac sov.d and 
applica' 1c to a liciteu dccror', 'lx; rofcha- o "urfuco scaardnc 
vsod vac too erode to o tain the nccoccar* results* fie emits 
obtained free the tests on hrnplcc 2—1 and 2-3 indicates tie 
ncthod coaid poscdfoly 'c refined an I coed to detersdno defective 
ssatoria contalniar open core— to— mrfacc • oncis, 'at rt deter- 
ndnins the exact boundaries o* tic dofoct wold ’e -cry difficult. 
The re celts a. t'o tests conducted on *rplc 2-2 indicate that 
tie method would not detect areas ol wdi ’'ond. it to 

ncccssar.* to develop a nethoi of taldnp a cccquUtc insta«t.vx>ouc 
set of temperature roalin c at rsar.y acre ; oi* ts 1.x a tod or; a ranch 
a*»llcr grid o dr • t'-o nnadarioo o. dv defect* in 
attorptinc to detect a weakened bond eras, -he ' <iui . u Id 
have to ' c uarc acmrrato, perhaps to the 0*C1° I uru. aron at 
none frequent intervals since tic rate of coolln varies with 
surface temperature* Ire oqdlpncv.t nccescs r/ to acccrjlicl ade- 
quate surface ccannlnr on a parrel of the site loin used in these 
experiment* would ' ocort very complicated and ore xxvcdvc* ~ne noc- 
ocuar - oqtd^aent vrcte not available, in further Identic- -In of 
the notl od was abandons d in favor o* a qualitative etlod* 

In the at c x rt to utud’,' Tx? rfaoo cooXV: . sate raid ta- 
il vely, .acpie 2-1 tnu heated -or 20 uiruies on a ru. c* in an rd re- 
trie oven at 200° F*, tron roco.ed aa placed defective side up 
under d o clan u cohered erode c unher « ic' lad bco.» .illcd with 
saokc* The ’o'sx.io* o’ the arroke va.- o T -sewed dv:v.m lit cooil 
process* 

’In only detectable ci«unf*e which n-re o c rvod t e - o!:o 






chamber vc:© lii:tcnl:\. in color and deerraeo in . .o' .... 'it;* 

near the *<*aiis of tl. container. "o o;i . o ” vas 

cictcctallc nor vac Isero .ny itu-icatioo i - > Item * ©lapisc 
■which would indicate tie corm.r cont^inirs tie _ rpe . oil area* 
The rot; .ex, did no ir.dica v c ho difference in radiation rate of 
the varicuo see face areas am. was a'andonod# 

Thorual endue i* -ri ty 



\ ocri 3 o. he tests - . o conducted based on e principle 
of thersal conductivity* The pu.pooo o )*1 s i:n*«*rtip.'*tio» 
to dotornine *'c possibility of the bond conditions affecting 
the rate at *£ ich ctalite wo* 11 transmit lea <> 

by cansidcrin, t!» jjossislc inte.rs.1 erndit' ms id lei . ir't 
cccist in a panel, oowx'al situations cool! occur ©hie’’ mould effect 
this character i otic of tlse material* °!» fir - c aside*, tid vao t o 
presence of a void, 'cst arplc 2-1 would It© wialomms In- 
troducing a dead air a. ace trlicl 1 pern rally ae e;/oc as food in- 

culatii\; practice, and thcorotloa y s' /.nil luce the tior-al 

traisniosion throurh tl,e area it co vered. occoi-^ c silcred 

■can that of taoa * m, ;x! » i aps carrel b i.ncvo . a 2 pli -at lor. of 
the bondia; plastic, iupropc; curia , or * 1 -ore a’ sorption of 

tlse bond material, st -aspic 2-2, _n tils case, tl o tie sxty of 
the internal structure Vetm n the *.!vui:.i u r-vf^rca v? id be 
affect©.., am since tlse Ie**t tm...risoi..c: 1* ? I*--©! .o _* ..iiy, 
effects o i is condl tsoR rijl.t o detectable* 

"jr t Xrd e nil tin c red vuo tl. l o. uni.* or hroler. 
.end, foot . -aspic f— 3* In t is case, tlx. in', t. of tie ir.cr.ial 
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structures would no fo uniform an 
conductivity or the .in ini. 

It In tl oorcttcally oasible to 
’cat tranorission, ", for c conpoun - 



irM r fleet in tie t c-ral 



detoirxLr cooniclc'to of 
. Her- . talitc by 



uclnr 'lr conductivity of 



c cate rials. 






the material hie! moss. 



U, rear sen. tin 



surface ccxfflelocla Tor fo 



7-1-.: 



contact 



with the air, f, an ' lx? unit conductance of an a 
one csrlstc. In tlierml conducu-vib - calculable:;, 
of heat trananioaion is: 



c-vaeo, a, if 
>o coefficient 




but iu usually deters ined t,::;x xioenta . y for I-, pa.tioelar com- 
bination o r. derials cccircd. * alu.-o for a coefficient* c.ro 
C-von in ’ . 1* ureas of 1. dard '"'cate, tonic cor/lctod ;y 
r. • owlpy at ti e Iniveraity •> Inn aele, a • * c *. . , . 

Oeide 1936, t ’pica! examples of vi le ere: 

“"alca ood 



20 lb/eu. ft. 


O.pG 


k 


9 lb/cu. ft. 


0.33 




7 Ib/cu. ft. 


C.33 


Xu 


iluxlirun urfaco (still air) 


1.10 


f 


fir fp&oe (0.10 iu) 


3.0 


a 


Typical , lactic 


10.0 


7 • 
U 



1: attor.pt to cr asurc too heat transmitted vras ale by 
ou;jportinr the tost control p^nol of ctalitu Ir. a specially 
designed cover ovo * a dorxctic electric o-cn. .ic cover rao 
deni pied to utilise t. o eve, , as a dvaf cu in ; ic’. Co pro._do 
uniform boating, a . j tf > over.’ a t . otic c .trol -was used to 
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maintain a consta t i> :r> raburo* ',c c . u com-^cJ IOC s^e 
inoucr of !c elite cu.Ia.cc 1 5 l'c rif or.. .pci-ati. ■ oi t! o 

laub disaster* laot.’wr ital lir**2, air space i r ’ rib .tod, -wooden 
chamber of £00 cubic ine* c«s, cor ir-ir? - o« vlr.Hl/ ioc^UxI ta/o- 
not t pc rcrcur- them* .cr covered o*o oslto v iu of the 
Vetalite* In the fir^t. alter. p‘ , t’c ovc an its cover, vithout 
the tout .cnel in place, T/cro } cubed to l r Xj° r* 1.* efulito a-xd 
upper c :V.ap*x?r *aurc t’ cn placed in ;/o.uiian, and t'. c t sncratjre 
rise in tie upper eh error r: coaled at threw inuto IntcrviL* 
until it r-aclod 75° 7» This ’seating process was rev * >&ted four 
tines* lx* eq’.l’Xi.nt *.ns , •'-burred o r-on torp nature v ■ cad', 
trial, but It jo ra cu of iiostin obtained ver^ not ransid rfd con- 
siatQ..t cuo* v to '» used to qwRiltaid\%i7 cx^ate t. c 'art 
of heat trurscittod* It Tjau tier, JrdOed to cpv.r - * tni 
conductivity o. '.*<? toot pnrxus in cries 2 q^alititii'vjy arinc 
lids not! od and eejii'rr-’nt* 1* i . at con-vcti vity of *'.• /-xlc 
was conpurcd bp two netioda. 

r ud too 4 pm* 1 el rico 2 vas inr> rted ir. t «, ,j1u nt 
describ'd a*x>ve end placed over t elf ctxdc over w ic: l ad loon 
preheated to 150° F* !* c initial temperature f i/ in tho 
500 e-die inch upper c anion wa taire.r vt c. *1 r c , <i*c *nt v*ae 
placed over the over, an* p riodically at five ir>* e intervals 
lor a locatin ' cried cl 2C rirruleOo by , -/ , 

lie tine rc’ ti. d * ••aloe tie to „ •; rater*? ir. t’c a ex 
dmai or oacl 10° T. wee also cconJod* lx data o' taJ <xl in 
ti.coe observations i,. irn ii 'Tall s 7 and 71* 

Tho roco tenperat* .o of 71.0° ?• rssenij d cmat-i.t 4 rougi- 
out t>c test and precautions v re taixc i lo a»mic t* at lo air 
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circulation in v*c lr.it r o Ce cct cn' r. m i r~-^.lncd un- 
chanced* ’"no apparatus used o cover 4 ‘o n-e », hoi ’ »’ • evt 

sample, an the upper Mr chief cr vr c cools 1 to ” 3» e initial 

condition ’ mSez's each too** 

"he results obtained by k}te~u.ninr the irrp .Vine increase 
over ceual periods of t re, have a : <&cisscn variation ru 3*2 de- 
crees or H3 in 20 r inutrn . "he r a test i; .crocs' occurred u* on 
"aspic 2-1 ran belnc tee- eel, and tV a *l?aot re, : <: o trol 
panel was tested, Vue indicating V t a defective . a eel use a 
better l«oat conductor tb*n a sound ore, vMc’ is c-r r-.Cictoty 
to theory* 

Tbo O-der of know defectiveness a;.d irx’icatod 'cat c mduc- 
tivenoss of the 5w» pin 



’ out 'Ydcctivn 


2-1 


**oct Conductive 


1 -t 

*\ "1 










2-3 


[ 


r* n 


j 


2-2 




2-2 


| cast . -cfcctl 1 c 


on*rol 


. cast onductive 


ontrol 

i 



Iso results o’ tinned by dctorulnir - • *'e \ *• . o ;dr 0 to in- 
crease V tonperatuir in the viper char a a •■*ci:lcd ■- *u.t, 
have a :unrlms.i variation of 3*5 ninuieo or 10,2"' for a to p> nature 
variation of 30° ?• ’l*o«e results also indice, to V c o:d r of con- 



ductivity opposite to 'h*-t predicted c r-ti sally* 'll data 
Given in "ablrs V and H vao obtaturxxi free on* test era oach da -pie* 
The tire to incioase te p mture each 10° ?, vac tarn tetwc n 
tho period r adin.c cl rirj to tv r iisatin . roc ss a <d ray 
account for tie rjuiii lativo ayre . at. d .a ive ‘r .or a 
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single test on eac sa pi , at tie data far tie cxiw.ro! panel 
and ^rarplo 2-1 wa vorlfi 1 In ^i.xiitudc . ire d a . aJAL~ 
tio:ial test on cac. of V ose oa.ipl.-s after’ th. orl, _:x. 'ala \\ia 
reduced and c Indicated conductivity of tie ,iancls ciccovercd. 

Tire ore tl eally , tie ordoi’ o. conductivity should e rov need* 
lienee. It Is c-ncrwded t at t Is thod Is not £> die -acuory. 

A cad lnatlon o* t..o i’oat trurui- loo! ility prl -c-.a and 
Iseat radiation ,<rlnciplc w\a c.mclderod, U« idea Vein, ti at per- 
haps tie diiferar.ee in teat radiation rate, froa ilr upper sunsjicc 
right he rare uxr*ced, or ti at "cool spo*-s n ni ! t exist a’, rve de- 
fective areas 11 Vo ; a a j. tfca-o heated as descri ed u'ravc. "'ho 
pro’olc of g eannitr tie upper surface for to. jx-rature variationc 
•was e. countered .» ’ i ' < s oke convectl >n principle was used* 
fat tome very slnll.-r to. Vet sonovl at rare prcnour.cod Ujki those 
obtained Wen usln tie at radiation peine ipl r- re o tained, 
InJlcatin thi*. this -Shod was hotra. tlx. tlx radiation olkod. 
C*K*jp le 2—1, cxi ..Inin, definite voids, vru? be only pic tested 
that pnvo positive clear indioaticr.D In all trials, a i* Is 
doubtful that indications of their prese cc w.-uld ' r.vo b on no- 
ticeable had V is ca pi r contained jjna isolutoC s it of less 
than. one Inc in dlaaotcr. / d/ J 1 . 

Another rat: ck! of dc* r.nininp t’ o ar lotion f ‘.cut ran®- 
nicsi ility -was iri'xl yjz I { in (y on he acyl n ol '•■Tire 2* 

A vooden cljar'ior 10 in. by iC in. by 3 in. true evstr cd to 
expose ICC sya. * i e'es o. t.‘v a fie r .rfacc t;> an' toe terper- 
aturc* A 'wooden franc L~:ntainir.; a lam c-> er *var cr: nstructod 

to fit directly above t* - lectin fr c, ~u <*. ex pit appara- 
tus, ir.cl'wdinr an electrical 'cat ccncrator, was placed in a 



refrigerator at a tc rperstun or a * rouiliJ: uely ! t C° % -» unifoti 

coatinf. of fro^t was a, piled o :.c up xn oUJffacc ', • » •- talitc 
piste. Tho u. <per franc -nil core: vere plwad in porition 

and h at i. traduced into tfcc Iopc. cl order* "do effects of con- 



ductivity -aero v'sible b. 1 o servir. ti* duvonin, of areas of tie 
Icialite plate as tie frost on tic lurfoce bc#;a*t to nclt* "on— 
sidci’a'lo edits effect freo t*.o a; oratus lirdfod ti*c ;ct* tl arena 
•cl'.icl coal, bo studied on tie surface, '-at be ,af t r of vertical 
bond Joints in t!.e relsn core res visible , x..I an area of supposodlly 
noro den co core ratcrinl appeared consistently on I a:rel® 2-2, 

/.teas afore teKJon voids retained a lip’ .tor color lor or t!an tic 
other c;^osod areas, indicating t.~ bias ucibod oi surface ics..- 
peraturo variation was t> e rsost sc .oitivo used to date in tie 
cs^erinenis. 'bro snail indications of variation, not "erero 
located, appeared on auplc 2-3 .otb tires i vsss tooted, indi- 
cating tlat tie conductivity principle was fencti noble if a suf- 
ficiently sensitive ca a of scannir; surface ter poralur*. s could 
be obtained* A op truod, sopoahat tlx* reverse of i at deseri' d 
above, res attempted* are nol3t air fron an cl* etri ■ riot- co 
dryer tna placed in tic upp«r cliao* . r *• xi t be !■ cl . * or cooled 
as ra^-idl;,’ as _>ossible by tie introduction of cold air a;u ?0g. 

Only two tests cad on ar pie 2-2 ca*’ la pic 2— 2 V; ■ c r . e lib 
this arr.a^-3urr.t because of nc difficult, one u tered 1, feeventins 
c replete, irn;ta tanoous credo, ret Ion over te tire a f.re <boa 
tie wars air first ca in contact it!' * & test s ecii ... i.o 
two patter; o o’ tainod on replo 2—1 corresponded viitl t location 
of hnarn voids, u:*d in a. pattern, • fai.it ir. Hastier.* of vertical 



core bonds nay Ivcvc bee; obtal .iod 



c t” o t .-Ic sat i.o: 7 . patterns 






o'-ialnsd on da.- is ~-C 1 •- .r .cal c ,ud.. tc l s \x- . v> a v * 1 ' cation 
Ox the oreu o.r c e cctoc near. Vx.d vt/dcied. 

It ray '.o cot»c. dui .Von l\dr ttretioc f d » t ■ ~i~> i l lie 
ix'thod. Is possible, let ad h rd : . > uco, id. / he os enn- 

Gi live ilion the frost L’ oe« 

It was finally coixiedod i>o' t!>« principle of host collec- 
tivity would iniicxto vvnriations in U,e internal am itieo of 
iotalitc* The ct’-ods o. urfac t cater*-, ocannisv aitosptod 
were not sensitive crxr:. to detect t c uinute vnriatxorr in sur- 
face temperature necessary to locate t’e saftller corc-to-o u'faoG 
bond defects. Hot o of icbioda attar, vol p-t c ' icl sin* 
evidence that the principle rrould indicate ureas c rtcn'-c 'Od 
1 ond, alth.o-jyh tleoietically it s' oidd. Psc Indication o icincd 
Tor crao^tpirated defects, void aroan, c pool live, * 1 hdor 
indications could have ' cor. ca >scd by variations in on zl 'em I 
thickness, woa lends, lif ft r<.uce in eoro : vote rial hr nit; , "i-- 
lotion in core waist urc content, or c:r; rinoaUl err ore. further 
expe rinontat isr. rrvid be neecs..ur- to cntailia* a interpretation 
oi t>e in-dicationj and dete.r !> th ca. a ili"i®. Oi Linilati*v;s 
of the principle* 



heat ' osorption i-irciplc 



?1< a'ilit. j- t< : tcial to *0-»-r*k I r 
A horopenccus ntcr 'w_ rill o : s* -' ' at o/rr 
arc. at a riven rate tL ivbr. cr iso. V 
increase tniforsly* ’r. at to -t • asvt 1 



't • r .-a: o rr ' -'cd* 
i‘ s * . tire rap seel 
lee 'em • rai ■ rx to 
1-; . o'-ear, Hoc. 



c. oracterictics o' 



tc t suC'-lr win . ode \r otu ’ irr; 



t> 



:c 



2C 



surface io-pe nature variation.* -di b rdLotcd rite: 



C— c ‘1 



lad been eseposed to a mlfoi'n boa csurce ’or a l von ‘i£, 

ramie 2-1 ms exposed to txri l ' 0 ’&t area ran; fr—. 1JC° f. 
to 323° r. on a specially design'd. racl: In t* c cl ctric over. for 
periods of 1, 3? 3* 10* end 13 sinutco* "Iks surface ter: raturoo 
of [Tide 7 and 19 none iahen alter c&cl rszpo^c . re cud i* ’..no found 
tint tho raxisari diff m cc of 3 ° i'# between Hear fs?' 'o-ations 
occurred wit- a five rdnute ecrxxrac at 230° h» ?J • . o.airol 
pa:scl and ccaipOro oi borioe 2 ise.e tier. c:c;>osed five inu'es at 
230° f • an tie surface temperatures of odd non" erred prld areas 
taken. Tlie tcup* rature -eadln c obtained vero •rratlc as : 
no sIjcw tlo relatione! dp expected. fair. tic c -ntrol panel a 
eerie o of three identical tests was run. Ise tm > rate re patterns 
obtained proved concr civoly that t v e notto ' was ot an licablc* 
I'iC* 2* further ex^jerit^itaiioR indicated t. at layer o.pocurcs 
troald produce vniforn -urfaco torpor&tureo* and t’ at a cl ort ex- 
posure to a hifjh toiporat re caused ur. unrm. surface to. < rati re 
pattern on tNo control panel which was known v.> 'e o* ori-rd c-sn- 
c traction. 

Too rxrceidrenta lion indicated t. a* tie orrpowuro deteirlned 
free tie oriplml toots on -ouple 2-1 was A - placable only to tie 
coni- 1 ion o* lh~ i ax pic -ad no ‘o »’e :juie* ini in rencral. 

It ixis conceded tint t’ lo-v also** l*..:: cl. ’actcri sties 
of tf.o » nierial tae.c influenced b/ factors of.- • ti-.. 1 -ot.j defects 
sal tba* f e influ,. »co of bon onlitimc - : r. i ed to tic other 

factors me no preat cm J t- d-adnato t c 1 _a a.soj-tlon char- 
acteristics of iho -ato - ial* u-icc it vis r, rubbered V: r f.e 

principle of leaf a'-sor. tion \ra., - t a licnble as a r^-ttod of 



27 



insnncii:^ tlsc inioi’ku ’ o.*l -ca. j-.il xi In i elite , 



brittle uc ;acr ,.p< ilea ‘Ions 



in attempt t ' c i ait tie Lie. i’ tw loex. c a.\ as of defective 
'.one or core Material in 'coalite was rvidr. 

fincc the '-ork. condition 'coa t* c el a live ckfiect-on 

of t! c cone to t ie s rface itcial ir sa Jpric. eo ntr-ciion, it 
ros tho- g*-t tint indications o- d -ioctivo bond I hi 'e ► talod 
throur tie surface strain Indication:: obtains,* 1- •.it’ brittle 
lacquer. 

farplea 1-1 and 1-2 rcro coated ’if. a fin coat of brittle 
lacquer ant! tested in five different uses. 

Hie Vest a. pie 1-1 cc awcurod 1 :j pri; . I.- r a naple \ryxl 
franc bloc’: attac’ od to f e a.’ .ort cdr.ti of the sample In a .ice, 
thereby ricidly secsrln tbo a.oclrson in a vertical or It ’on* 

A fivo-owrxx* jxc'anical vibrator was : .xi. altaoh J V- arc o 
a prod to the ftpcciaon in t! ■ center up.rr ;orflon of f < r»- rfaoc- 
to-coro bond an. can sod to vibrate at 20 to 20,000 c/clcr per 
second. ho indications w?ic o' tail’d in tbit att.-v *♦ 'he test 
tas np.xMttad usinr a *ib— ’ .-"’ool in.lt in.o.ei o ’ re’ leal 
vibrator but a ain no results wc.e obtained. 

Hie experimental cc.t-cp ?vas ■ . ,od .led r .ta.l to b~dy 
of the Vil-l- ool to be rigidly a v ported ,c.; Jicular t tic 
serf 'Co of the sa il «a. alco add stahl 1:., tl • *. Ir cilon. 

His arvjc^eweyit w Jo tie full power o. the ool c •. aHa'li* fer 
a vibration prnpK.I_c.llar tc aurf cc I. os car pies, an’ 
pnnlt tod th i-UTpla o ’ e lo.Hoi c a o -loaded -Iplr cortilcvc: 
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support. ith only oil 1 1 initial ioudlnr, vl rati nr . not 
cause any indlca* 1 no. he: jr. :m ru. cr*/ 1 loa 1 wan a oliod, 

irdicationo -o at 0*01 in if. ? ex: curved. 

tauplo 1-2 loaded in 1 ’-c r-^ manner r**jui” ■.! roncldcra' ly 

noixj initial loo dim, an t vi^r indicall no dll occur, tlx- * foiled 

> 

to reveal the location or he toicwn deice to. '’ran tie moults 
of these two trials it was decided that is method was not 
applicable, cn 4 ■'’ia -rt o 'V investigation -war di continued. 

71 ic "'cat hasplo 2—1 rr;s cleaned a*d coated with "Vo laejuor. 
In tl'da application, r he lacpxer ran a~plie'd 7-ith a or all artist’s 
spray in sue, a name as 10 h- vo one very liyhi covexirr on cart 
of the laiCKsr defective area, teo csoatinm over _noih section, 
and t2uv« coa 4 s ova. he xwaindcr. Ids r;as : >-< , ever. V ou~h 
contrary to tlio pc era! a plica t- on ir.etr .ctions, in an attempt 
to oco if 'he t ic’mos of tie lacquer coatinr i vr id Iv.vc ary 
effect upon the nc mtivity ol l’ thod. ’"to so. le usi fen 
placed in f e electric ova., icatin- from over a 200° r. hcolinc 
chaster. The an-anye nt was seal tint ii \«ic inpoosile to con- 
tinually o' servo the h, atin^ effects, at vher. tie 0 coiner, xma 
removed after ex ten r.lnuic exposure, t’ero cure random choc’.: 
patterns a.*or tkc tiro surface. flic only conclusion diet, could 
be drawn frocs ‘.le r cults mis h«t t« thinner lac vo carlii 
res rwrxs sene' live ; o host fan the t. ichor coatir c. ’"hero vero 
no definite indications o defective areas. ' cncvc , s_ .co t.;o 
location of t: c defective a:’ as vus xr.oen, sic .attm r v riaii.-n 
over whose arses codld 'e tarl-rd. 'n 1 no oil vert c htl ns 
it vfoulu 'xt inpossflr to locate a defective r.i-a y - ia ncthod. 

Another mdifi cation of the Acr/e van tried viV a s:a_l 



2 ? 



piece or dc ere. M ini, ~I a _ 1 o’ 



* in * * 

j* -U 



» ♦ % • 

^C- x — 4 *JP, 


'% a : c.v. V ar-.rati 


I c -fnc< i tal 


fr .i tie co • "M*’ 


a j.n it j.:o. 


V^6 "AC ‘■-.7 1 'Mth. 


scalirp un::, tv 


xferv’ cV' lcai*” cloa -1 


r .T^'-eoated 



This oioco vj 3 IV a on artod on a c cl 1 .2 ur~ 



trittle lacquer, and dried In a cool ‘no., u:l ro<~R (1"° ?.}< 

1 tv 
* «****<*— ^ 

polirt currxcieion i*c in 1 c cl ct-ic over. s. . Icntod, "1 la 
arrjcxpscy.it x 1 . rdt tel fairl/ cvo. 1 all-, c. <x»iincai o' oer /ra- 
tion of tie con ted e rfacc. Ir. *13 trial it ■» .c. is o. 1 ? -1> to 
do ten in: Sw-'i^cc ter *■ ra w 'C. urfaew c - 1 <v,.* ~re *. ir tie 

center of *1 e * id ar'-ae a 1 ar~ nl tV • lees r 41 • ■’ ot, 

csoccially alcr.£ tic ' s Tvcd cine ' : - v r n.j - c tv 
pcclinr act in, 

"'oca' oc oi tie tr&no — to ••rnt\ren e-ccrr-iT ir tl lo :tlod 
(tenpr natures a’jove 30C° r*), a*'" tv nccrcrltj o retain 'c 
re -alar tost nr .1 s ol erioc 1, 2, . ’ 3 in J o.l m-r" ccVl- 
tion Ter additional Vrti , ♦ is n V ol uog w trie ’ on -xrj of 
tier., fron the Invest Iorc o talked on \c oeivr:- «tcriv n 3 It 
ajneared tint tie -srrt’ ol ’ It 'c furtl » rc„ rjr-d W xnc 
nSlcl C ChJ»«m. bo ucc. i?oz* , nod x lien in-'.TOctlcr.o ir.ee i. plastics 

in tlx? 'end have ir-Gi'e. spec icstiune at ~c7° ;',j root* tc:pera~ 

tare, and 160° T«, 1 en- ia lie pocci'-ili* «/ „«> • Mo 

raterial and appljl: tic l»c qua- at lew. . tc: .vrutrr c ... ob- 
taining surface cr.; V . irriictitio * ovc . a rcatcr t< . rstejrc 
difference in a 1" . * e. M no is a \x> " flit of o’ - 

taininp a .-o-ts a ir'.ti-x cyitin, t’iebrea^ o • ‘c 1 -c ■ -r *y usin' 
ccie rifle application or cut ' r ire . v f m lac c 1 a r 'tod 
to tic tr.-or: ' ‘in Vet c'.wV.tlonc, 
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The retrod, even i.' f* rti ~r dourlopr d, probably could not 
be used for in-sc nri re inspections ’earn- o tin surface condi- 
tions of Uvo rsiVricl t T ;U Id ’o o-,c:-ur.tcrod* Xs.is, scratcioo, 
local initial stress areas, cosvrctor res sets, and c. rfr.ee palatine 
would all contri’-ute adverse conditions ‘ • its application. 

A net’ od of usury rlttlo lacquer for Up toe tin internal flairs 
in i’fctalitc by rcctanical dofomation of iho o Joel to ’c inspected 
was considered* 

In conduct^rv tide tost a *ttod of controlled roc' a: leal 
deflection vrao devised. four incs; vice rata see red to a hori- 
zontal count* 1c t at strip wiV a I j.rd aspic pri p*br>, lock 
on each end was fastened in a » or t leal pos_t.on ana CcSlx ctod as 
a siiaplc cant llcvcr 'y tie nr of a lover -nu uc lo arrar.pc- 
cent. Tie deflect ions to ’ c used were dc to -dried \f dl r ;ia. inc 
?est ftrlp 3-3* The strl' in Its ori: Inal cast 'll! on. wes inateGJU d 
in the apparatus in arc' a ranner' tr.t c *1 icfl etl *, a exL 'c 
MASsred* It x»a f cn deflected in a sc. ion, cac’ successive 
dofIL ctlon inc "racing one— >' ■yairte o a inch until one-half inch 
persa. cut set «ac o’ tainrd. lie roc’.ard.ca 11: lure required for 
each deflection was ulw »■ corded* 1« jLxv *,e Vied &- ’ on 
used to ftdn a icficc don of cl: t~ta r ~ i •. ; no 
tie permanent set v.-as I’e-octallisl.ed an! used for * tc. t loadinp* 
finco only co: y native .ecolla we desire*.!, tie load reqid ed to 
cause tie variots deflect! -ns kg not caoured. •notion stevp, 
the one Lite used ar a control. strip, m ‘ v lr. stalled urine 
tie care end T loc" s a. i otrai red to a., rune ti c defVetd r. as set 
up would not cn.ccel ic clastic l_U.it of a t -pica; sound strip* 



Deflections node bp bccaUsc 
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"lie trip tvr_cc loua.:-: me surface 



/erifiod tbo aaeuerTtion 



v i * v 



:o 



deflections cote' He: ed 



'-J 



tlx? equipment wu old not overs tress a sound aanplo* 

TTso strip reed t establish the deflections was t‘er. further 
loaded to 11 ,>aot it a clastic Halt ad prewired + o roc ac a toot 
sptcircn with aid norm interior condition* 

Tlx? control atrip and throe test strips were spray-coated 
with the lacquer and tested— each ioinj deflccton twice cssord 
the coated face and tvrice awa/ irons it* 



The patterns attained are shown in Tip* 11* 

?ho results f the so c:r>cr inert s ini,, eaten tl la -sriation 



in surface strains was earned by defective interior ct-ndll-ono 
of the core Ta tc: lal or bond on deflected surfaces^ r.d f. at tie 
brittle lacquer eti.od of do toe tin t is varitivion v-uld not lx? 
applicable for pcncral tort procedure. The amplified tests con- 



ducted usin deflections approsc! 
cantilever ban action cave only 



■in; destructive .apnltudo on 
TO.au inui cations, dr protlxsn 



of products, tic deflections ueocsear to lose 



* ■ 



c require 



strains over all the cvriuce area of a ’ etaiite 3,.cet o. f cured 
s' ape would cate the ct’.oi impractical ever titers ! ti e principle 
zjx/ le sound* 



last or hock rinciplo 



A principle o S, ocK trs-^-iwSr Hit/ 
invar ideations were c •nuucted ■ o do c 'dr 
ax, lied to rurfaec -dL, bo tra. snitted 



• :3 C nsi v :xd. Ti e 



hoi a rr: .en cbocl 
. throng do etaiite 



« 
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The first atto pta were rr. c on a teat sortie ooc rod 
hoxdsontally in a ri£id frar’c '* strikin. t x cc tc of " o loner 
surface a o', arp Mot with a !ax«r. Mso tnsnanittod effects wore 



detorrined o go; - " ‘ in': Vbo pattern caused Vy t!<o induced surface 
vibration* on a uniforrl. I’ in coat of talc a powder v; icl lad 



boon applied to the u cr :r rfaoo* It mm possible to observe 
cone indication* or internal struct- re. Ms o iirpor open bond 



area in fanplo 2-1 
v/oak lords in t’o 



renting will; this 



. was detectable, Vet the snail dr beets and 
oiler ca-plcs wore not dotoc table, in oecpcrl- 
tethod, jkj .al filin s and find white aa 1 wore 



also used instead of tic taleur jxjrrdor. "Ixj ' cot roots- tc wore 
obtained with the card. '"osbo with t o metal filin s wore en- 



tirely unsuccessful, 

mother series of testa based an cxn rincipl were 
radc hr/ securin'" the ten 1 set pies over a cone, as dan cfccrVer, 

10 in. fey 10 in. by $ in., a»u dincViryin- an explosion in tie 
clsanbcr. The of feet 5 of the explosion on a Hr' t mi forr cover- 
inf of sa-d which Isnd been applied proviccsly to the upper surfaco 
of the test plate -cere analysed in on atierspi to deten far the 
interior condition of the Material. 

This method pra.-ldcd acne ovccoosivl results on all three 



>f tl;r 'erica 2 r-r> 



rpleo. owsidrra’ Zc difficulty was o c watered 



in controlllr.f t c irract o' - the c' upp a.d niaaercin atto p a 
were required to o tain interprets’ le results. power and 
location o_ tlic explosion appeared to letc.'rd.r, * c success of 
each, trial. 7 ho ost results for cad sa pi- could ’ ipiicated 
by uainp tie sere cc:pl.-a±ve l xfmr a. 1 cation, tut c«c teat 
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oasplo lied a cliff- rent aptirwe rscplooivo pca**r ».>-* location for 
tho goto c' onf.or. otatinu Ukj c xx pZo 90 ° or* liO° on the test 
chadV.cz* required :cdrtrmiirla( the explosive nice and location® 
11-110 to one o: tic few not’ odo v.i lei rave a y extaiutont 
indications of the waalerd bond condition unacted to exist in 
Cample 2 - 2 . It ca-.’e three ver oinilar patterns out o t!.e 
ci^ht clsii’ccs rood in tho I leal location under t’-ir, panel* 

Tho idea appears to h ,ve 3cuc xislo, but l g cause o he 
darker of overstneaeinp the TOtcrial and t: e numerous diffi- 



culties encountered in applyiry tlio method, it 






at 



it TOuld be reliable c 



to bo ractioably a -plied. 



Conic Vibration Ib'inciplo 
Tuninp Tori: coponne 

Tie possibility of inepcctin c‘aii;o by st'jdpir- tl ,c 
effect of sonic vibrations applied to a ovrfoce of tl r atcrial 
T-ao invest iya ted . 

In csio method the inotnmontation consisted of a a l of 



four tuninr fori a noun Led on a movable woodc: . base. '1 twsinc 
forks were Mid in a vertical position by .arit friction on their 
oounJine 3tcns and coul* c adjusted to *c palate ti c cor, tact 



pressure between tho ooundinf; ctcr of each, fork or.*.’ the ciol 
surface to be increctod. lie snail rcnrsotic tro'-sduccr ran 



mounted cn tiic opposite 
aponfsn rubber nounthap. 



cud of tlr Vase and iool ted 'y a 
Tie oncillatin nee' ardsn too held 



firmly ayainot tho ,.otau surface --o ‘e inspected V/ its cs-n 



might and p cssuro csxrtcd through rt:V-x»r tjouatlnr. Hx 
transducer roe melted by an electrical oscillator capable of 
being tuned to rs*od: co oscillations at •' a iituvpl fro queney 
of the tuning forks used. 

Hx oqa-.ixrh was first pin cot. in pooiti.on on apple 1-1 
trlt): he e-tire orra:. oc&rr.t clear of he defective a.ra# "!o 

amplitude of the Induced o#ci Hat lane was adjusted *o a level 

i 

slightly below t at rc-juiiod to o' tain response fret. he tuning 
forks. A slight increase in the transduced signal pie' eel up 'ey 
tie > orks would cause res or.se. "ith tie a.^cratus operating in 
this r.arner, it tan. novel over tie surface o: tie iterial to "o 
inspected. 

Hie tiuiing forks would roe xxsi individual y us t’ e* - cisced 
ever a defective -Area vtb. c c U ♦ . - rfacw oscillati ’ns ■acre in- 
creased in arnitude bg tl» resonar.ee o'* a Icoor s'. in ai’ca. 

*"hcn the trsnsluavr was placed o -cr defective area, tuning 
fork resnonso also occurred. T y carofully approaching tie defec- 
tive area wit* the transducer point leading, to ' .under- of t’..o 
defect could Vo fairly well defined. 

Hx device was tested on he cries 2 samples ora veu; sue- 
ccsaful in locatin' the defects in a P 2-1 (pile accurately, 
it pave no indications on Va -pic 2-2, an' alt} g user/ 1. lea- 
tiono tto e o\ta_r.od g-ralc. in .oe on .cu ph 2-3, no cti_ni*o 'at- 
torn or void localisation could 'o dotciuirxd. 

*?be ictlou o* • .a ntlu c tvniii* fo-is was altered 8 a xi. — 
nit ties, to sha. * fr e .nd o o 1,< Id da • d in u oryx i-t '’or, 

. He nr 'or of 



hut the results o' taina. 1c were not h roved 
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fordo used ms re 1 .« yd ana 



tualnr 
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i J -. was founu t*at the ceulto 



obtained vrit. two iorhs ware 'v3t as accurate as t: one obtained 
vrith tlo axi'inaj. corltLruraiior. or * our. 

"he operation of .o uefcho*' do «»*xis u on on increase in sac~ 
nitudo of the vibration transmitted tr rouph t c rut- ial from the 
transd* ocr to the sour. _n~ eta o, a tunic for « II the fre- 
quency oi the induced vibration should he the ore as ’ic natural 
frequency of the loose shin area over a \ id, a raxiixx response 
vroulc ic obtained end r. fain in tfco a.plitudb *ie hr -never so 
vibration occur* The anount of restraint the 'end places on tic 
neta! surface oniai influ neon its da. pin c raeteristics 
curd it ap;x>nrs t.at a csethod _ihc that attempted cov_e Ic adapted 
to ivo a indication of bond condition* However, since tiro ro- 
straint is throuch a fairly elastic /iterial— t’-c plastic, irto 
a soft material — tic baloa, estrone sc sitl vuty would v e squired 
to detect the ino* c .an' ca v. Ic.' could occur in thv a. all die- 
tone© between tie transducer anl hr • urinp for' s* 

It nan concluded that the r ,v t* od could detect a . define 
only the larger loose a -in areas, a i -incc it nas me ore 
coaplicatod mu equally as dt icult *o a;.; r.r. ot.h-er . ;t’ jdo, 
i t nas aba oncxl* 



sclilograph Indications 



TIroc actions atto pied rcinr a: osciilorar./h o 
dotortdno tie vibration patt *r. m.lc’ occurred vl ... tl o u .’face 



a to viar Vj. iujou ,h vara. * o „ wu c froqur .c^co* 
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A series of trots vas conducted with * ' c equipment corrected 
as s'crem in lig 12, in those toots Vo into sit- of Me vibra- 
tions was varied b ; usinp diff ;cnt trsnsicco: o ar- by controlling 
the electrical input, '"he oscillator jrrri .eel exploration of all 
fix>Tsoncioo in U« audio ra: t> but the oxpcrlrenta* ion was con- 
ducted letaocn 20 and 10,000 cycles per second. 

The initial 'onto c nducted on ample 1-1 ccta' lie'ed tie 
theory that the aajyiitade oh hr vibration wee neater error an 
open tone area f an it wan o'*tc” well cr/od a. can. It was noted 
tiuat tie & ape of the wave as it appeared on r,>o scope diff rod 
depending open tie device f let was Irol&Ln ' the picl-up, *u ti at 
wien tie picb-up sea lie Id in tie net'll trianrle i elder. Me loca- 
tion of tie holder in relation ’ o tl e deroetivc aroa influenced 
the o' ape of he w.vo loir: as well an I+s orplitude. hater in 
the experiment w «n this holder was used *o scan ti e 1 r^cr sur- 
faces, an atto, t was ado to relate Me diffurene in wave 
si apes observed o the conditions boin cne nxiterod, tut the 
attempt von not successful. 

in atteop; ■aas ’vdo to cor- a tv tie inter, it * o ti a rfaco 
vibration. <ncir.tinp in arplo 2-1, known to contain defects, with 
those oxistinp in t. c control panel. contour pattern o- inton- 
ci ties was ccta’ lisl e for a yivon frvcrooncy, *;ui dm c In 
frequency champed Vo pattern, thus ifuroduclnr the rrco sit/ of 
cwtablishin palter 3 for V. -rtlix> ran, o of frapp^ncier to he 
ccrrcrcd— a task \i lei war; cr. side red librae ti oat ila • further 
eseporimeutai P on , directed > cud ectablio' inp cc.’f.in epivee, ta- 
tivw fre undos vr' ici coul ’ ’jo used in raaicinp the desired 
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caparisons, ixr/cxCnel 1 ' - 1' c incrcajo i*. surf c-jV' vi’ -ration 
intensity desired oc urred at a spr ific fr^q cncy lor ''-act defect* 
The t 'po ota! clco of t: o defect apparently defined t. ■, * c sonant 
frequency Q'-ito definitely, hence i would 'c irrxoseiHlc to voo 
a scull nirf er of standard fToquenc _co to locate all hr defects* 

An attempt of surface uaypin tjus tried on \ho ca p. -less of 
I cries 2 by passin tic carbon picb-up, described an o 3? 
tire horizontal grid Unco, and nco^iu ~t ore-ire’ intervals 
tho ca ixitudo o 1 he •. itration wives a, rpocrinj; on ' ’ »■> rcopo grid 
of J Io oscillograph* constant clrctrlc-u input 1-03 .abstained 
but tie frequency vra^ varied at oac' poin to o tain a oasdxazi 
rsedinr* Tills r* il.od ' c a ood indication of ’be .’■olds in 
. cr.ple 2-1; it indicated to a linitod d&gro tje area of r ,cctod 
nealencd bond in fa plo 2-2; tn.it it voo erratic in -aspic 2~3* 
fie* 12a* In general t’-c vibration intensity isos a', out constant 
for sound arpao. It doerMMed noticeably 1 as the picb-up approached 
the • oundary of a defective area and increased well a'xr.'e sour sd 
area values as 'Ic picb-^ip was see cd into the defective area* 

Tie nctiod *, 33.3 deterr lined to ”0 affective or locating 
void ore-os ’cut van consicJcrcd unsatinf actor, for detectin' t‘-.o 
otixr trpes of defects. The principle ra: conside r'd ft action- 
able and cansidcraf_cn was riven to - pladr p >e oscillograph 
with a 'rush recorder on — oc ot‘x-r ana cu continue 1” e— 
cording tie vi’ ration inter, .it, pi cl .cd up. Then a canton: plot 
eoul' bo prepared vide vj Id d<~f2is defective .me as by a 
eye to. o: "rid scanning. 

In the of er ei s od, :c scan: tin pro' c pich-up was replaced 



by a dot .dtivo aicrophone jaaiinteti a '* vortex o a pyrauLdic 
fractua, tie ta so or xti ic! covered one bvc-incl o yea rid on 
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the toot panel* "lx? prelisdnar / in .-estivation -kc on -pie 
1-1 indicated t results similar to those o’ tainted uit the 
probe pich-ups ript be expected* "oaever, cxxrinontatijfi on 
Per lea 2 rondo did not confirm tils expectation* 

A plot o" surface vibration iniensit r andn usin'* tlx* deviao 
failed to indicate a noticeable variation fo any o“ tie t ancle 
tented. ?«i prid ? of ‘ample 2-1, **jMch io ’noon to ' o 1 oca ted 
entirely over an open end area, rrpicfccrcd a j radii; approxi- 
mately 1’ c care as tl ooo o tainted on tl e control pod* 

The surface o* Ca. pie £ ’.ran explored in an att* pt to deter- 
mine the effect oi tie t lone* utirface atcrial on the it x!, 

*«i apaln it vao iapo.<ciblr to o’ tain cipnii leant variation in 
tie readings* 

One of er variation o the sound propagation pri nciple was 
invcctifatcd briefly with the t mile device before c principle 
was abcr.doixxi. piece* a. . ctalito tan pi. cod direct! in front 
of a 10 in* dynamic spe«u®r and exposed to .e or* nd va/es 
cxiitted. Tlic opposite side of tie ca „?lo ran exploded v.it: tic 
conic pick— op. "lx? patterns obtained b usin. Me ' ’unc toot 
samples of "cries 2 indicated that tie sound conductivity and 
absorption qualities o. tie core xsaterisl, -’cpa 'dl^jo its 
condition, diatri’ ted t’o vibratlaos conducted If rov i the 
material t: ca.s* a uniform ’vibration in tone _t or. tie crposite 
face* The s*tio. of odpo a pr art had vo ■ • litiv 1 off ct upon 
the variation of into .it/* xt dif char.-c tf* crertu 1 vei «.*<! 
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caua* clipi-t urfforR :;d\icl ions •; -.r t.' * seared cklpcc. 

It wan concluded tint '> an * I ;s*aparatde« prircLpl 
could :ro' "o used for t’c inspection of c tall to ol cc all of 
the .^rtljods attested failed to detect c* czsCrxes vttriatleco 
in tic tost oarpla«u 



"Inc article ' ctl.oda 



levoral attc-pls me •. ■ e to uc A c uioo * Ic n licet d fociivc 
bond areas would hove on tie ' rfaoc viLra'lcrc patter* * ■ einf 

fine particles on f.x? surface* 

la-rplc 1-1 with tic anall tra. .oducer connected in i* e core— 
to— n rfneo ’ and an cJwjw; In if; 13 uns supported nr-isori-'ally 
and a lipht usiforn co.crinr of fine rctal filfn a scait/’rod over 
tie surface* It mo discovered fat 'y c' . .y'n "c frraxr.c,. of 
oscillation different rcvcrscntc o ft* ilin a rT '>uir x \r rd 
cause characteristic at terns ar its u efaer of Lie test ca plo» 

& fre rucnc.. of % cycles per occund caused Vo tel II Hr. s to 
arrange ti.cr.sel/co o.rr r« Jrf olive c.ra, clear!, ir<’l:atlnc 
its boundaries an char: in lp» 13* 

f apple C-l will ti e a. all transduc r esnneetod * 1 f« upper 
almlnus erect was teste ir t e aowc rav :r tvt i~uet 3os • o.r~ 
rent of tic ill” *» occvrre . aaj ic vc- It in p. ttcr.-o '.Lie 1 
to indie J o ’ c d- e-tire area. - UJ filir s vr r replaced 

by cocron rand, ** prude 1 silicon pemde , 'and - ate » pcs-dcr* 7 jo 
credo 5 silicas porde pwe th 'c. t -a! to-vVu dc- 

foctdvc area letter * an a: ,y of ”, o o^ p ridel ■- 



LS. 



ho 



The r tho d— vd *lc il'.c n per Irr — too 'Vr -ppj.i« d to 

tlx? serplrs oi* .rJ.es r a. anci f. Ise flatter* r o tainex! arc 
c c , in i'i . li„ 

T.yo Hod nac socofcGvfui in locatirv* adL o V r enrr— to- 
acrfaoe lend defects, -it d d not si or vra'.xi^ 1 tend areas. It 
developed a ^oo.. pattern on a: pie ?~3 v. icl c ”uld ’ o repeated 
consis teniiy, indicatinr tliat tie ret od lux! poor!' ill lies Tor 
rappirr; defective ar^aa* It ms not ossfoip 1 3 interpret U e 
type of defect v-: ic tod casing t pattern to fom at d c var- 
ious frequer.ciBS but it tod cone ‘*d tliat tsore expcrii* co with 
froqceic, effoe* nirht cnaM ire operator to dote rear.-*' <’jo Vpc 
of defect beinq encountered* The net! od too rat' nr sin ■ ’ ccauco 
it vras nroossar to watc' for cl&rqes in particle no - cnor.t at 
all frequencies, and to timr to tic optirun freer t sey when a de- 
fective area tod indicated* 'facL t Infect a : e .re- l t> have a fre- 
quency at which it could best be defined, an < in ~ tiny sees that 
defect would not cp.xua.* at otfcrr fro faer.cico* *>*» netl-oi, lilxs 
tho tapping netlod, does not insure tin all of I..; defects trill 
be located* It did not indicate defects actuate: b vsoaicnod "wad 
and is recti c-xtplioiwod to coo'd ct tha., the .ap'in :etlod# 

Jinnee, it xrr considered inferior .0 fat ret. od. 

Anoilxsr variation of tl fine ;>urticlf r: tho too tried v£ die 
crepe rirru .tin. vri 1 ' a. .pie 2-1 for '.o o just d- 3cr_'cc, dr.— 
otoad 01 co erinr tie ri'xatin surface wit* a coatiri of dr. fine 
particles, a one -in, ar-Valf inch * a or I Iivl us sealed 
to the. surface of Vr plate with cot* racial nf her ce ni* \ one- 
inch (3oop solution o tin* nrtiel o o la p ‘Itch si ■„ -led in 
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paint thinner vns ; 
with all J bc pcaicr 



>l.ce’ in ‘he r r~'c* "he sarnie - 
a mil ' lr *ut Vo only pa‘,V rn o t 



*1' ratod 
l:xxl xxro 



caused bj cd^e restraint. Tic void od;r di ' 
ceptiblc rxvcrxnt in the ad j ace- 1 11 r.xid ar#l 



no co oo any pcr- 
v o voL’r* 1 van ccci- 



svdcred unnatao-acto: 



fno’re Convection Patterns 



A rut’ od oC G.~olcr/in~ onolxc circulition ’o d< i^’-niue the 
surface vibration pattern of a sheet of ' ctalitc vt' ra line at 
conic frequency was a t tor p tod. 



The prelisdnar invest! rations were conducted u y ri' . rating 
farplo 1-1 at various fro p.cr.c-oa between 10 and ~;xlrs per 
second under the coke filled clnco covcrod ct'- cr. ot Isoayy 
cooled anolxe and veiv licit hot c oho xtgio used. *jsd one at to. opt 



to x:sc fire siliccr pander depended in t3.e air ran ratio. _r. 
each of the attempts, i* mo possible to absoivo c c‘ -nje in color 
or density in tie calcs*: of air above the <fcfoctire arca s but cir- 
culation of ties srobc in to cl. liter could no' be detected. 71 so 
lipht hot a obc yavc the rreatest contract a ! xl rood in the 



testing of the .leriec 2 ca: plcc* 

To apply this etboi to isorc realistic defects 5 be t. nee 
tost sanpli. a of cries 2 were subjected to this insoacLixu Tie 
samples me secured in a support in free, vi 1 rated at various 
froqxsr.cic c and aplitvdea, viV the transducer* ’if* 15* Hjo 
transducer caused a rarefioation f s* cl irstonsit in ‘be r-: olco 

it me attac’ ocl t t it was in— 



colurr. above the area * c vd in. 



possible to observe av other variati >nr. lr ' c -sic. Tor .«>• 



plcG 2-1 end 2-2. \ divided or* -."haped fitter; ' -js o' 3o *vo cl 

when a-plo 2-3 vtas tested with tie tr?s ou .ee co r cuod at the 
c*nierpoint of as ed^o. This patte n vsxj luvn Ixcn caused b§r the 
larco defect! vo area icnesn to estiot in the central _ u t of tide 
sample* It was evident t’ at the pi oblor. of distri' vlinp vibrations 
would pioi-ibit the application of this srthod to he larp or si sets 
used in ccsrscrcial production. 

An attest 1 o ap 5 >Zv’ vibrations by placirr V r : ocple in a 
field of .sound v vos . roducod by a 10 inch d~s'ianic speaixr also 
failed to produce ill stinpuini .able surface vibration variation* 
on tlsc opposite ddc* 

"lie investigation indicated tint surface vibrations of suf- 
ficient amplitude in tra lowr sonic ru*re \.euld cause a chance 
in app ottWB ico stagnant irso'x* 1 id in contact vith the surface 
by a closed chanter. It uid not, however, prove i'*t tie tbjfccts 
in tho natorlal suifieicutly affected t.e arplitv.de of <’c surface 
vibration to red* t o retbod to detomin- tie location or oven 
the presence a. a defect, .’coco, it was e * .side red i_ practicable 
and abandoned. 
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A sorter of .cuts . evo attcu/hod, baaed os he o.-nic vttra- 
tion principle, ’ ut usir oil fils t> tbods of .•urfaco oean..inp to 
detect variations in i ix -.pillule of r.rfacc vit rations « 
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frc<pucnc y free X to 1,300 c elec ;>cr second. ~ ,-c Loot oorplcc 
of Aeries 2 vToro suppo. ted horiuontaJly or. tie ady. static roe’: 
mkam in fie* 16# an--! th dpnamc transducer was attached to tlo 
canter of ’Jo upper curfaco. A pool of 11 lit rxicrlw? oil me 
tier, placed on tie aiafaco covering all of tlo interior grid areas 
and approximately ono-lnlf of tec area an one' of tlo onto" re*? 
of gride, bn attempt to determine tic viiration ire, one/ at 
vrhic' variations in tl» eapnitudo of jwfaco vibration occurred 
\73.3 ..ado % observing tie behavior of te oil «rl -lie be. testeccd 
oscillations vrorc varied throng:. tie •■r.tirc fro ere/ rar -c. teo 
pattern from da. pie 2-1 revealed a non-sgractri cal. arran'eaont 
of ripples with i narked agitation over do 'mam defective area 
at frog endec of 2^0 - 290 and f>C0 - 600 cycles c: second. 
Increasing tie pa.<cr input caused tic oi.v pool to < red: cco* 
al./usitlp’ in grid 3 and 11. IT so results Indicated tint -rooter 
agitation occurred directly above the void areas. A afsaetricalj 
almost clreulnr concentric pattern* observed veil testing 
teple 2-2, and tie oil pool 'robe in grid 23 -..1 u. cufficicsitli* 
oiror. occillationc wore applied. Lie results err Id not be in- 
terpreted to indicate any particular difference in curfaco rid ra- 
tions, and t’ a reason for tie consistent breaking of tie .>ooi in 
area 23 could not to uctemincd. tests on .'■a;: pic 2-3 caused a 
non-SjTsneti’ical pattern vi 4 c ns iter., lo agitation o.-cr grids 
r renter 3, $ 9 ll, and 19 . pool bro’. conciota tig over grid 
13 or over grid X */}-,; ti e tr- .steacr pav. r -as i .creased 
sufficiently# 

it ’.so believed 1’ .t ibc a face vibration tein • '•renter 



I* 

a bovc tlcfcctivo areas ’’.an that above sound areas earned tke 
agitation oosorvod in t! c oil* disc rrariaoo vi* .rc&icns ware 
greater above amas v'.crc the s rfoeo sheet tod not connected 
to the core rate rial, and t'osc areas •an re located boles tie 
agitated oil* ilxj areas vrero wcabonod bead opiate I vrem con- 
nected to tJo coro nutorial, raid surface vibration of f ’ .ooo arras 
regained approsruaatolly tin sane as t: o vibration over "-and areas; 
bene* did no. cause db so rubble indications c ocr-ur in tlo oil* 
t. sicdlar tent on bar.glc $ revealed taro ho”is*ontal rands of 
agitation, varying fra® 1 in. to 1} in. in vadta, for. ■ -d across 
the serf ace about tsxr-thixd. t* ’•etwo n *ie 

top ar.d ’ ottos edges. "bo swra pattern xrtpma rod •*: r . tte sanplo 
wts inverted* 

The cacao cf tie or areas ’..■ns not doterrirvxl . "be included 
considerable sound area as veil as tlx; '•nxcm dc festive areas. 

Tron the results obtained on the car pics o' lories 2, tie arita- 
tiori van evepeetod only above tiro directive sections, fix* ret; od 
of supfKjrtir.f the plate vns different frcic teat vsed Co r .harpies 
of .erics 2, since .'ami £ vras too largo to be I> II by the ccr:e 
fraac, ’erst siEplo support mior too edges a.J point support u»Jcr 
one’: corner of the plato produced oiruLl«-r patterns* lisp ureas 
rrcro Lo.rl visible at an irte.ccd frequency of 12X cr cics per 
second, * *wt c uld * c o’ eervad t several otter loe-rr fix 1 ..c cicn* 

fgrfll pciticlcr of 'lac - paint picn»r.to v re rood in the oil 
for one test on terplo *J tet t oy failed to i: prove 'he readabil- 
ity of ter j* thod* 



Other at* r* s o s'^fece scamln 



plr p woif ado by 



L3in w droplets o„ nor err/, droplets of A? lo. oil, qpray 
droplets of xinefal otl 3 ixrt they all fallal to lorato areas of 
Increased vibration* * 1)0 pat] ta’\n 'ey ito lad ’.ideal drop* to 
tsas similar lor a constant frequency wit!, voryinr intensity but 
varvin • the frequency at constant -into ally canoed i> replete 
to lake different paths over '1* surface, '"his \czz Interpreted 
to indicate tint tie induced vi* ration frequn >cp effected tie 
path a drop Ck t would follocr, 'at a correlation '-etne \. tic path 
a crop! t took and internal conditions of 'll jo notorial eu%U not 
: o derived. 

An additional test vac r.ado by acxr.sltv tl » vat, -ti i.t 
fraoe, provioacly need, to farplc 5 end toetin;- to OA.pl, with, 
a ver tlin oil filrs separated fixe, 'to uetal surface one— 
quartcr of an ind of water. *r. attorpt to cat.;.- t o oil file 
to ireah over known defective aoxxxs by inducinr v* nation;- into 
the retalito 'can ^successful. . urfaco rip .lee sit. id. r • o these 
o' I airrx! in the oil film a tl.od o-.-carrai, * vt cd^e effects of 
the container reduced tie urea which could © o served, usd do* 
creased tie drtsetibility, T c ret’ od w ,i Id re' do tool defects 
aa veil as the direct oil pool aethod and was herder to me; hence, 
it was alaadd'ed* 

Tins re eel of these 'invest feat* us indicated h t: ti-cxio 

of oil poolin , voter cu ported tl in oil fain, «>' ll-jcld droplet 
surface scanninc, would s^<. s^fieicntly detect o* ifnc© vi rart.cn 
variation and coal no! c used aa an inspect ! -tr precedurc# 



he 



urfoco Contour ’ othods 



fnc o ■ -views inspection rotted, t.r.t o. surface ~ minor in- 
spection, was incorporated in this acne rirr'r.t# 

A vie al inspection of tic panels inrcdistely after ’toy aro 
reoovou fi*orn tie ba£ trill sore tires slxs? a * lister in i‘c surface 
notarial and io one not. od of locating defective nr-teriai* As 
explained in tho ” Previously '"’Tied ot; ods ol aspect! * ” o-xls 
in * otalite” section of tMs report, tho.ucthod de lerrij cs panels 
vrh ich are defective, irt does not assure tied a p-u»l ir fi*cc 
froa defects. 

It was noted r’ilr v orldrr with the intent® Ms-1 .Ms.nl 
incpoction should not bo directed entirely toward the d lection 
of blisters. Cope of the retail to parcels 1 uvo visible 'vrf .so 
patten-!*, a subdued e’eeh, or parallel lines on their serfacco. 

*n area wit!, an entirely di fore, t surface patten., or a srootb 
surface entirely svrrounded b a pattern, c ,uld Indies ’ c a dif- 
ference in internal ooodlttons* 

A ncthod of aeasurir. surface variations or c =rtour plotter- 
was considered, hut t’c first atte pis proved trat this tothod 
was not a, • MLicablc. oasu ahlo /ariati nun £r tr e flat cvf&co 
c! nractori sties were erxcuntcrcrf in sound • at o rial. Mv rxcifi- 
ca lions permit greater variatiers In tic so dine Inc an oefe c- 
tive bonds would cs so. 

\ aetlod of stressiH - tie * ot.M • pcndicslor * r th<. rurfucc 
mas devised, and Ur drain in 1' t direction r '. a sue .. It ms 



Isiocn that t! c to nil strevet! perpendicular 



^ J ; 



e surface of 



h7 

tic ‘ ie tali to 1 ©inp used (core denaity ? - II lbs/cu. ft.) should 
ranpo between CCO and 1200 po undo per square inch. Inst a definite 
3ss»lwlaa of orgasticity ir, U at I recti os: could not 'e detorifine-d, 
so instead of usin, ai analytical stress-strain ratio, cccrxirativo 
testa w ro tafu.e* 

"1» first attends wore ne'e ly scallop inverted class 
funnel to the surface of a-ple 2-1 and o aervin live serf ace de- 
flection caused by evn.cuat.ln~ *'e f reel. Tro drflrctior* wtdeh 
occurred tjCj e rcaorred by refine tin a licit • co fro* ‘be eu 1 - 
faco of the *ntorial. .Vi attempt *o eMture t esc '■'flections 
quantitatively ueinr t’ < optics o .' a aircraft octa .t was unsuc- 
cessful rainly teca so t’ e deflections v- ic\ oe.'irrrd were not 
oys®3«ir'.cal* qualitative , thou voire th vacusr: principle end 
a reflected lip; t x>:r focused or. a fixed 'ss'.ite 'vie pround voo 
developed* 'Iris i^thol r ,od i' o control p&nci \> cstaMid on 
average, a .-I ccHp&rcd tuc results obtained by suby etin ■ other 
areas to th- cone conditions* '.pair tie *xt!iOw vas found to bo 
unieliable because o r tie unknown rln.> c tie u: fleeted surface 
could tal.T:. 

Hie larger vacuus c'.~a'or shaun in Tip. 1 C a was developed, 
and a rxc'.ariiaal cut? jo’ o ccastnrin a surface point vertical 
deflection with an Arses Dial vac attempted* Corporative deflec- 
tions could v c o’ tai; ,cd ’ y t’ ..o ■ - „ fod, * ut J V a- n* c- ‘ 011x300 
vr id. - oidLd ’e 1-ced on ' r o. d vac prratly reduced* 

'lie areas '.aria poor copula co id r 0 - 'jo i. icctf -d, and open 
bond areas we 1 e iffi it *u> inert® ;••' to . c en.r ccfcocl* 

’IjC -rdcri 2 ’ c . :pt> ..t \ <»d *y "o. ”oi --to la -oratory 
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in conductinp a test w! oco results v re irtdlcutod \ * o' sordine 
surface contours wre ana lysed. In ti * tests o cc de- 

void process retnli‘c having »Cli, *020, and *012 inch alurimn 
surface elects on oac-Tunrtor inch b»ls& corrs -.foxx? sued, ~lxy 
had been caused for sixteen hours to air pressure of 7f pounds 
per square inch exceecdad by a pice release of pressure, ana 
2a hours at a pressure of GO po unde per square ii.d .wllc&.od by 
quicb release of pressure* "he panels b*i beer, exp- sod to 7? 
pounds of pressure at 230° r* for three hours and tr *nty *. urs 
in the elected tcr^rrature tests# 

The results of V c expcrirurrl rax alowi ir. all* HI. 
fixe surface contour saothota failed to » veal poorly 'cried 
areas, and loco „#d only t o larger un ended areas in rost casco* 
The detection of defects be care iccre .difficult on to sa. pit c 
.ha-zinc: thick*!* face catertal. fence, it was excluded that this 
surfaces cent a r principle was rot satisfactory for ■ 'x cr pic to 
iatopocliTR of ! ctaliie, but was ewbnbablc as a cu. pi rr xtary in- 
spection. Ifcc visual inrpccticn of if .. nisi lal ' s surface for 
blister* as i cones fron tie autoclave tain the rout iroriar.t 
of to applications. 



ferandneos tinciplc 



Tie ro-t vi deli' vc»d r« hoi c* toads eialitc is U* 
tappin-. netbed. 2! is .vet cd, *":.sn cud cted t, a tedded ojera- 
, Uv. ^ ; — o * o * _*cuu~ , . . ^ .Ur *» .1 a.»,r.» i . . *u ^ s* as r . ^.n order to 
oospore variouj .#•»,' x „ of to*lit.‘~, t- u viter a to pted to develop 
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tic technique retired ■ o locate dcfcctn by * .Is sirple ret’ od . 
ftro * pes of ta -.inr ! arm's wore used— -a vor 1 Ipl t corocrcinl 
tack Ixerrcr with a wooden handle, anti a li~» t ’ ran.- headed 
special ha-uror xrith a flexible steel wire shank nounto’ letweon 



the land crip and the head* In dcvo2opin£ this technique, it 
Tran found that light tappin. ■ gave let ',cr s rsltivity fan ' oavy 
blows, that letter tors was o’ tained by rainy t’c steel fori: 
type handle, and tl it rhytba in tappin aided nunc in deter? ining 
the crsact edges of suspected defects* TIjo tonal cl aractoristioo 



of tire room in which tie operation was conducted 1 ad a definite 
effect upon the ability of the operator to detect tic c uyea in 
tone, and as would be surpcctod, the external no cc level also 
contributed* In practicing, it was disco icrcd tha siso and 
si ape, as well as method of su;r>ort of *)e test c ecisae , avo 
different c’ aractoristic tones, ’ ut fat fa decree a" *o v al 
variation was no* r.atcria..iy affected, except in t> e case of a 
flat uooden base count in and & o angc rubber su, ort ; sod vjhilo 
trying to detorniro ti c best not! od of stcaiarn s- port* Ml 
of the simple , solid t ate rial point or lin supports used ave 
approximately tie oerc satisfactory variations* 



fovcx’al of tic t p cal cuppo.io tried at s ir.: 



*12 x; 



n't 
— I * 



It run discovered 



that a asic tonal c’ -rye occurred as f a 



edge of the plate, a doubler, a cJiwogc in coit> material, such as 
core dorse balsa core inlays, tapciod core sections, and stiffened 
edges were approac cd. 



This tonal c' range Is very rucb 
tivc tend, ,n>d when the core In 1 



■ j. v> 

unhnoi rs. 



ca ood by a defoc- 
orfers iff <• ulty 
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to the inspector* ~his clancc is one unt»ro’ at critic— stations 
in tho Material sinco stiffeners, doublers, an inlays ere in- 
serted to die tri Veto hi . stresses, uiilch arc crcpoctcd in f oso 
areas* bonce, it is very ixqjorta.:t to dote;nino accurately the 
tent conditions in those sections* 

lias results which ray le o’ talncd by t’io ccthou arc illus- 
trated in hie* 1 ' which pictures an actual defective ctalita 
aircraft door and a plot of tie open 'end of dofcciivc areas 
beneath lie surface s’cet* 

'The writer believes the ta.pinp technique developed ddlo 
working on this project enabled hbLn to ueterrsino t’e irt erred 
conditio of ’ ctalito material beitei titan cay of tc ot! ;cr 
not! •soda attar: plod tltriny tie inrestiyat ion* *"ho re lie 1 ility of 
tide not hod is limited becauco it is impossible • 9 do crudnc with 
certainty tl at all tie sroli~p defects are located, and t locate 
areas of wester ed ’son Mere intian o contact between the face 
and core ratcrial ailsrts t r^upl tie presence of I'_a\krcd ’ut 



'r ^ 



ond plastic# 



Good results in lo-atinp defects were obtained by ta pine 
i ctalito with a silver coin# A quarter wa- preferred bjr the 
■miter ’ ecause of its si so and eelyht# ^30 ’’fool'* end oral 
quality produced by the c in ccnprneJ very favora' ly r ±zh Voso 
obtained usin«~ the special lamer, and vere dr finite -v letter 
than V ,osc c_von hy U c ■ ac’: Irarawr* 

<ro additional cm crincritation in; -olvirp tie cjursdrsecc prin- 
ciple was conducted ly ’re jp. in a stall steel ’-'ill a rive. -lets. ec 
onto iho surface ... o’ sciviny Mo lrh*t of i's r«* -u.d* 



r* 



1 



tail vc c * -rigor. c. c :fdce areas vscorlieur. a 1' *. f-r • c» 



'!.« defective r.rcs. in ‘ ale 3-1 vac dc-toola! 
wCVf' o’ t ; f oe . 1c* r-f* v It; 2ft 2-2 c • „ 

'tro o ‘ 1 c C-fee' 3 in . }Zs 5 i ere la fttad, ’ l ft 
ci» sc! a *re o e ;• 3f iix ’• ^ a fairru fra- a >* 
eas ecsieiv:® 1 t>* "I: < U od as testo! raj rat can 



a! 

c* 

«s 



, f , - "* • <r, 

e - n_. jcd. 
-1 cC ■ a. ea 
- a. :t 
si- 



tivo tfaa *'.r ‘a .-is, r-.t • , : &x .no !* >.n* _!?• v ’ * rdnr 

to use , it ran rocoL inferior* 

It a. -reared J o roc a- t« folic .*ro&s <■ ell <a* . t 

c lined in'o a . o.t _• j 1 Live t. j f ic -1 r ret .<d; 



‘ o' a* 

Ijclrt t 



It loos ivo a '~ac rC)Zs (?jx * iUitLvc i~.-i-eaL.Lttt >/ t'c 
a; ’ aco tin* o veers* i rest *!c ta ■ t - js 



icon tl4> ir erncstor*:) d.jilil 



j 



U.ct tcraj o 



X w® 
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Tire ideal of discovorlnc a principle on xf. iic:i a oirrplo teat 
to determine tho condition of tie box! adhesion and core condi- 
tion inside a flat street of ' ctalito could bo baaed -can not 
odiievcd* 

i3» detailed results obtained in the teste ccrr ’acted during 
this invDsticaticxi are given- in tbo ixjs^-xsetivo sections of tire 
“Usthodo of flaw Detection” section or tils report* 

A suwsaiy of tire qpelitativo general results obtained cro 
ccrorcGced in table Tom on tire foilooinc paoo* 

Only tire of tire coven Idndo of Imperfections o. Haws 
itemised In tire iatro/liretion could bo detoctod by any one method 
of inspection* Ty usinc a combination of nctliods only four of 
tire seven could bo detected, ord tire location of a defect in 
core material otrenctii or density taas doubtful even tiresa. ’Tire 
■ucal; joints *M core rate rial, difference in bond ctronyLh on 
opposite aides of tire core, and variance in bond strength over 

f 

tire surface elect could not bo detoctod by ary of tire retirees 
discussed in tire report* 
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Comparison of Testa Attempted 

The tabulation expresses the extent to which each of the var- 
ious tests was able to locate the defects and to define similar 
defects in the test samples. The samples of Series 2 offered 
the best comparison since they contained three of the most rep- 
resentative defects encountered and were tested by most of the 
methods. 

The code used in tabulating these tests is: 

I All known defects located — positive indications 
i Some indications obtained 

D Defective Material 

ND Sound Material — no defects 

e Indications occured where expected 

u Location of indie tions unexplainable 

Type of Indication 

1 Cle' r positive indication well defined 

2 Positive indication — boundary not distinct 

3 Weak indication 

h Doubtful indication 

3 Indication occurred but without pattern 

6 Inconsistent indications 

7 Indications occurred but evidently from causes other 
- than the defects being tested for 



Classification of Test 



U Tne test could be used as conducted in experiment 

p Tne method used in experiment could possibily be 

further refined and adapted to commercial use 
LV The method capable of being used under certain 

conditions — would ioe of limited value commercially 
IP The method considered to be impractical 
NA The method considered not applicable 
? The method questionable — results not reliable 



Tabulation 



Tests Attempted 


Sa 


jnple ] 


Jsed 


Ite suit 


1-1 


1-2 


2-1 


2-2 


2-3 


5 


Heat Radiation 

Surface Temperature 




Ie2 


ie2 


N 


IeS 




LV 


Smoke Pattern 






N 








NA 


Thermal Conductivity 
Total Panel 






Du 


Du 


Du 




NA 


Smoke Pattern 






ie2 


N 


Ieii 




IP 


Frost 






Ie2 


ie3 


iuS 




IP 


Condensation 






Ie2 


iuo 






IP 


Heat Absorption 




Not Applicat 


Ae 


NA 


Brittle Lacquer 
Vibration 


iu6 


iuS 










NA 


Heat 






Spec: 

Ie2 


ial Sample; 
Ie2| 


s 




Deflection 






Te; 

Ie2 


st SI 
Iu3 


trips 

Ie2 




IP 


Shock or Impact 
Hammer 






ie3 


N 


iu5 


N 


IP 


Explosion 






Ie2 


ie3 


ie3 




I P 


Tuning Fork 


Iel 




Iel 


N 


iu5 


ieii 


LV 
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Test Tabulation (Cont.) 



^est Attempted 


Sample Used 




Oscillograph Detection 
Mechanic 1 1 


1-1 


1-2 


2-1 


2-2 


2-3 


5 


Ife suit 


Iel 


Iel 


Ie2 


ie3 


iu6 


ie3 


P- LV 


Audio 


Ie3 


N 


N 


N 


N 


N 


HA 


Sound Vave Field 






N 


N 


N 




NA 


Fine Particles 

Dry particles 


Iel 


Ie3 


Iel 


N 


ie2 


N 


LV 


Particles in Liquid 






N 






N 


NA 


Sound Propagation 


Ie2 


N 


Ie2 


N 


ieli 


ieU 


P 


Smoke Convection 

(Vibrating Surface) 


Ie2 


IeU 


iu7 


iu7 


ieU 




IP 


Oil Film 

Pool on surface 






Ie2 


iuli 


ie5 


iu7 


? 


Suspended on wat^r 












iu3 


? 


Droplets 












iu7 


NA 


Surface Contour 

Visual observation 


Iel 


Ie2 


ie3 


N 


N 


N 


LV 


Light Reflection 






ie6 


iu6 


iu6 




? 


Ames Dial (mechanical) 






Ie2 


N 


ie3 


N 


LV 


Soundness 

Tapping 


Iel 


Iel 


Iel 


ie3 


ieo 


ieij 


U 


Bouncing Ball 




Ie2 


Iel 


N 


ie2 


ie3 


U 



Ui 



UvK.* * is. tow*-A ti.it. **• + ... 



T-ic ixr/estipatien did rsot reveal any one basic principle 
t’iat a^paarod to to able to detect all of the torpcitoeciions or 
flora rskich rdrjlit occur in I’ctalite, It did esta* list tto fact 
that at least five of too principles could be used to explore 
the internal condition of the material* TIxoc nr re* 



1. 


Peat baton lien 




2. 


pjcrrsu tenductivity , 




3* 


toLast or *fcoc:; Principle 




lu 


Surface csponco to toude 


Vibrato xss 




rounlawss toinciplo 




these 


the toundnos'* frinciple, t 


Co 



tte tappini* nothod, proved to be the rxxrt \xraati2c end txliablo. 
It uao dcpcnc'xr.t upon l'» cl dll of tto operator an. was unable 
to locate 02 X 02 of T*swlwna£ bond, oectlono of split core enter ial, 
or 02X03 of no bend between the surface chin and t e core if 
intimte contact rwminod, tut it tras reliable in locating tli© 
type of defect wide’ occurred root freqvcrtly^tto open bend bo- 
tooen surface and core— and uao fast and easy to apply. It rats 
used tterinc tlx CDjperinrntation s a otartoird or basis on vtJLch 
to jiilpo the oltor rcthodo. 

One* not* .od of aprlyii ^ tie ’"oat lortluefcivity .’rinc-ple 
appeared to be wrfcl-y of furt’er consb-lcextiaR bccauflo it shonod 
possibilities of teJ.nr abler to detect aro&a o xoatenod bend as 
'tell as the defects in irrirfaco-to*-corc bonds, 'Tat sscbhod tee 



tic surface tocpcrature ccanrlng rrthod, and the only reused 
tlx notljod xsxo not investigated firtlacr xms the inaunidXiity 
of the necessary sensitive surface soanjdnc cpiLpcrnt* It is 
bolievod that this basic idee right be developed into a aotJsod 
tlKit would bo better tlr.n the tannine rallied for flat sheets 
of the mtcrirfU '\sreod panels would not offer great ddficul- 
tics, but tapered sections night restrict its application* 

Hxs TurdJC .. cci; detection Pethod of tlx: anic Vibrations 
Principle could detect tlx: sane type of dofocts as tic taking 
nothod, ^311 ss Vidwy r-oro explicated to apply, end slaver* It toe 
ala? sore dependent span vibration frequency an 1 rod d of neces- 
sity require controlled conditions of application, but ms con- 
sidered to rani: tlird in irpartance* 

TIoc rent in order of in;»rtarjce cu the !x?ck Principle 
applied tlrough He "last Pctlxxl, but duo to the limitations 
OKplaincd earlier, it xtas not calendered furtlier eve fxugh 
it occasionally tarred up encoder. t indications* 

fie Tine "articles vibrating a: tlx; surface of the -.material 
rcro found to bo capable of detecting wide and clclining Heir 
"oandarlcs when sufficient amplitude of vibration could be in- 
duced into Hie surface rr.tcrial at tl;c proper fnrpoticfo He 
problsn of dctcvrlninr tint frequency placed life -f.cd as tic 
nest undesirable of the principles because it rao a tir* on- 
suring tedious tas!:* 

Quantitative rt> cults could not be dele tlncd in nost of 
the trials and even in tie ease of tlx beat princ ? pVc nboro 
attempts vere node to ..so quantitative analysis, tlx ixsultc 



indicated that cooperative methods would be ettcr. 



The nethode in /estimated all Tailed to detonrdne tb* quality 
oT tho bends, hence it appears that tine assurance afforded by 
rigid quality control, similar to thuit descrited in n©f. 6, 
CKCcrciDod during the nenuTactis^inc process trill ha^o to be 
relied upon until letter inspection methods can be developed. 



b'7 



cr'::c:.miGts ao tccrF.^sazzcgz; 

1* A mticfactory noons to dotorrina tic qualit-,* o'”' a 
bonded structure 'ran not discovered* ?ho neat accurate dccl: of 
quality can to obtained by cnrtractinr- toot cpeciaens free tic 
v/asto arcat; or a finished panel and tcstin~ tsen to failure— 



tic principle no.? used in quality control procedure* 



2* Tie foundress Principle applied by tapping is tie noct 
practical aoth xi to coo for locatinc tic cccr.ce acrfaco-to-caro 



bond defects* 

3* A netted of exposing boated bonds to sudden, pressure 
drop and ob£crvin~ tic surface contour or tie rsatorial is tic 
neat practical ucthod to use Tor locating woa»: su rfacc-to-coro 
bonds* 

ii* A nondestructive tout uainr tie IfuttcffHftdi Fothod 
could bo developed to a enure a rdninun bend stroncih between 



tic surface and core natcrialc. 



%m Principles involving tie iKoocprsooua and unifom dcr- 
actcriatice of a mtorial aro apiddeable to axe iaspocticn 
nothodc for uoo on '’ctalito panels such an vere used lev these 
investigations * Ifoiawer, tie application of the on e principles 
to the Inspection of fabricated “ctalito parts would not be sue** 
cesofuL* Tie presence of inserts, doublers, rainfomxacni®* and 
variances in care tijiehnoss and density tceld Unit their effec- 
tiveness. It Is considered iopixwAicablc to attempt tie cwvclop- 
mnt of a pc: oral inspection rotbou an cxl entirely an t coo principles* 



6* The Soundness Principle appears to be t: c noct promising 
in locating corc-to-<7jrfaco defect o, and a panotmtln” radiation 
or cupcroonic a^edoograph. principle arrears loot to detect core 
flows or imperfections* 

Cinoo no one Ert’xx.1 vmo discovoxxxl ufxicl would indicate tax) 
internal caxlLtiane oodatlng in the rotalito and ccdbiriatlcme of 
Uxs methods attempted failed to reveal all of t* r- possible de- 
fects vilch right occur, a system of testa core fried Tdth a rigid 
process control is re contended. 7Srio system should deploy: 

1* Carefully caitrollcd process specifications • 

2. Quality control of the materials used. 

3 * A schedule of destructive tests to \x} coBductod cn 
no rein natcrial or companion canp3p 3 distributed 
tlrouchaut tie production cycle* 

>(• A viOMBl inspection for defect indications on the 
surfaoo of the heated notorial aftor cnpocuro to 
a sudden drop in p-coouro* 

C J, A systematic tapping iaapcction. 

6* A button-pull test on ary area ouopoctod to con- 
tain a defect ox* expected to bo subjected to high 
stress caiccrrtraiiono* 
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letlods or lend is teed in le ralricatlaa od retail to 



x!c older or ttsc iro processes nan used ‘ o produce ' cialiic 
Is iC c C/clcr.eld Process, -Ids prococa inesrpar. .tec a lacb-tcr- 
porstiro-setlirc aaiificd t^nrnccci'iin" prinlap reels, Cyclcoold 
C— 3j *hid. is a product of the Clap* slrr Corporation, sprayed 
directly onto the clean aiuninxn surface, aii cL -cu, and then 
cuced at a l ond-line tcsj^ratuie of 26C° r* - 2?0° I', under 
60-90 pci pleasure fo: are hour* VJr 1 priced alx.ia.cn in 
banded to tlx bada core rith a hi£> wbcupora sure—xe l bin," plxonolie 
resin, \ses 13297, a > coduet oC tie urea .lactic and lenical 
Co*p«ry, by crurinc at 230 0 ?• - 23*C° r, under 60 - CO pci preo- 
curo Tor o:e loa; in an autod-r/i „ _n ■ — prices.. tu ‘O 1— pi_x. 
Cures Is applied to tie r.utai , . -is alp sr.u xilswed to air dxy. 



lx) x'ood cole as s-seu *»r_.n a vox* 



- ■ -i,». 



.police tin. o- a tliffcr- 



ent uy t .e reel:, to piovenl coxe arellin^, uni no inrUjcr a&’esiro 
is applied. 111 oT 1c pur be in i.o assex. 2; c tape are tad: free 
and have a dniauK od .eistuxe u.rs^.;t n aTicct tie bond condi- 
tion, 71 u; process produces a flue list xdiw < ciy s a T out 0,1 
pound per square foot o. panel area. 

Tbs ot.cr ocoSw nor in uttu is eddou t. o n.:: .rococo, 
it ra'ucs use o r a 1 dph-tcat •ja , alure~sot lay. liquid resin and 
tlxx. oplastlc pa. . r, I.. ..a ,vx t.* liquid, odxsc, tfnicl: 
is a product 0 - va foinous .Toxucts a. 2 Ch — -ml 'airar^*, is 
applied to cl an aluoinno sxlacc, 'tile Uo li raid is 



Co 



still vjct tho surface i3 coated vdth foduac powder and perolttod 
to air dry# After acsonbly t’o parol is cured b;" tho blanket 



process ia an autoclave at 2%0° F* - C° , * >r ”*? rinixtcs to 
one I tout trsder 60-70 pci prwGsurn* 

One of tho rroct important sto;xi in tho fabrication of tho 



total! to end one tba‘ contributes inch towan 



t!» oHainatioei 



of defects in tho bonds is tluit of obtainin': tlse n aLcan M curfaco 
to t?;ich tho bondin'; material is applied* tetrode suds as allsa*- 
lino de^rcadn;; and tiro light acid etch fcavo given my to a cod- 



iun ssotaailicato de^ptseeinr bath follcr.-^od by a chronic acid dip* 
T3» variables such ao cleaning baths’ tcropo nature arid conecniro- 
tionc, tines of inxrsicn in tlxj oaths, and tines of rinoo. 



and ecthods of dr -inc arc carefully controlled* 



A*/ / fi nrf ft . 
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The Effect of Defects cxi ftronsth of ’ 'ctalito 

It 1703 ocpoctccl t’at poor bonds wMch would reduce the ten- 
die strength botuoon t!x> facing and core raterial ttduH also 
reduce the ccnprcocivo b length of a panel* An cKaci rolaticn- 
aSTip between the bond tensile otroncth and tbo cdpeniac corprcs- 
oivo fltanength of the panel has not been established* 

In toots conducted by the Forest roducts laboratory, ’’’nf. 7 3 
tso tests -aero used to evaluate the effect of defects in sandtelch 
construction, tlio ocbTwiGe cctprccoivo test and t’x 3 flatulsc ten- 
sion tost* The odccr.rlao ooeprossion tests \Ksvo node on flat and 
curved panels usins ths tost net-hods described in Tsf* C* In 
tho tost carpi- 3 tie poor bonds were produced b uein - the roya- 
ls r fabrication process erroopfc a very light ojrrod of Ue oeccn- 
daiy adriosivo, coo-tenth of tiro amount normally used, vac allied 
in a sliplo application fact before curing* 

The unbone Jed areas in lino flat pends for coaproaeiofi tests 
wore 1/2 , 3/a, and 1 inch in diarotc r and in la coro-to-surfaoo 
bend on one side of tie tost panel only* ^he unbonded areas 
vero produced by ta:x>oashLup t!xj area before appi^unr the ad- 
hesive thereby leaving or. aroa void of adhesive for tho fabrica- 
tion* 

The tests 0:1 flat panels rove alod that t o speed* ijz wit: 
poor bond lad only 22 *^f the corc-to-surfaco ' or si strength of a 
sound panel and in Oat ckIcoetIsc ccrprcosicai an avers e of If 
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cpcclncrc indicated tho cocprcccdvo strength to be reduced only 
10> by this wealzcnod tend. It me also noted that only three 
of the taclvc fail arcs occurred in Uw 2>ond. Tie opoc irons 
laving tl'O t.ro aaallcr areas of no bond railed to choc? cry do~ 
croasc in edgewise coqprccoivo ctrcngt’ and tie one -filth the 
ora— inch open bond area indicated a decrease oi only five pcc’ccnt 
of the naraal strongth* Aid tho failures that occurred while 
tooting carpdeo containing 3/u-inch and one-inch void areas 



oexurrod in tho bonds* 
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Arrrax c 

The Production of falsa Cores Used In I'eialito 



Paisa as an end crein core Tor fetal! to poses rary questions 
regarding processing and durability* Its Inown inboramt suscep- 
tibility to nolbturo aboorption end the diicnsional changes which 
accct^wny a chance In raisturo content influence tbo applications , 
the fabrication processes, the adhesives which cay 'o used, tlx? 
inspection netliods required, and tlxs durability of the finished 



retail tc. The particular use of balsa as an crxi-grain core in 



i'ctalitc Units the noisture absorption in the finished protect 
by exposing only flat prainod surfaces at the panel edges and 
scaling the end-grain surfaces by notal facings* he noictvro 
content stability roared in the aanufacturlrr: process is accoo- 
plisbod by hunidification in production areas and by using fabri- 



cation teclaiiqucs which pemit tl*c contraction and expansion of 
the core panels to be l»ld belcr.7 an acceptable rdniciaa* rtahi- 
11 cation by reans of irprepnation with diaethtoluroa or ecu cru- 



cial water repellents increases the core weight and costs involved 
noro than tb* stability gained justifies and ie not used* 

1110 core txasture content affects rexvi strong' by contri- 
buting additional internal pressure during tda curin' process, 
especially when the curin temperatures arc above 212° r* in 
optinun core noioture content of O' - 12 f> *«3 dotereined and 
is naintainod during th.o production* 

Ot’er physical-rechanical properties of balsa tfld: influence 



See back of page 66 in this carbon copy for page 6U 
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boaidln:: tcc’aaiques arc used# 3aloa sticks or the requisite 
density c^cu? ore selected end dressed on opposite sides prior 
to (xlgc-glreing into planks appresdaBtely 2 U indies v/ido, Tht 
aclicsivc used is a ixjoD-ta^rsture^KJttinc resorcinol t/p® 
which conforms to Joint teny IJavy specification JAH-A-397* Ihe 
planks are dressed by planing both surfaces and tJwn laminated 
to nake a core bolt of the desired height* !!nd-grain core sec- 
tions of proper thickness are tand-sared from the bolt. Each 
section is carefully inspected for internal dcfocts that have 
not boon observed wJjcn the balsa was in stick faro* Tie. I f 
chars a topical core section fabricated and mnded road." for in- 
stalling in a panel. Acceptable core sections are ec\ r x>*glned to 
fora larger core panels if required. t’icknees oiorenco 
for dnawendod cores is plus or ninus C»OQ£ inches. The fin- 
ished core panels are stored under central led humidity conditions 
to assure the necessary # — 12 £ moisture content when rood. 

HI® cores arc available for visual inspection, fleeing and 
soundness tooting so they are applied to the net*! surfaces, 
lien co A ho initial caxliticm of the core is definitely known at 
tide stage of assembly. 
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cqi.rirrrc‘.ic for 'alax " ( c ' r 



* - v-j 



3e*cr: piion 
^ • rt *“ <*e J 4 

J 'clat’j.’o content 
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. 'ensifetf 

Tiber ftructuro 



, Jccay , I ith, an*?, 
a jrconion "aiiaros, 
atsS ' atc^ l«a i ’fc 

fio^nninr facets 

incriel Jt&tno 
31ue Ttaias 

, * 



’Urd’c ’ye .Mid 'in 
jiiot* Zlisstcru 

CLecia or CpHts 

(ov.rfc.ee) 



crair; lone 



on lolcs 



ate rial 1 *<.«’. 



.C * — - XV - 



•o — 



tain no 1 arc *' .» 1 
£ lorcrr t Ln i> >v: _aZ Ire acc-d 
on ««sifci7W’.t L .. .-u^, -. ' u.'r 

conto. t x JLnt’iyi »u. ' ■'+> J ‘ . :<». 

exceed 12 orcc it. 

jRerrittc i rai't in 6 to l” 
inc India . .oirtvre • 



ux. . 



-- PlV 






as crx-cifiod ir f*c x ttra 



«r oxter. 



I?o ’eptf 1 of short fibc r'-a J '• : tro 
t! an 1/ incl riiir » . * j'i ' L >. a 
radial < iroction, ""id adjacent o 
s v ali ■*ot 'o clo *:x’ t. 1_ .i c «irn in 
a radial 'irvetion. * 

' <>i *■ fitted. 



Collapse 3 ' one. r©cr> , ** ric , 

..iln ^un., x, root, ■ ZViot 

ore o* 

< " listed l* not 'iO.’-ei* tc 1 ci - ‘ cca, . 
'Llld "It* tvir/' i-i+rv 1 . 

■Otru* ’.no's --rrittc' *.» *-o 1 in . o 
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production have been considered and the effect of their varia- 
tions were determined in ordor to establish the basic standards 
required. 

In general the rate rial specifications act out in Ref. 10 
arc presented in tabular fora as a part of this Appendix. 

dhort fi'jer lusher would produce weak transverse tensile 
strength if used is a core m to rial. A scratch test on the 
transverse c da of each stick is used to detect this characteris- 
tic. J'atcrial which tears out and exhibits a corky or brash i*up- 
turc- under slight pressure is classified as short filler, wiiile 
material resisting broalage is classified as acceptable lone 
fiber. 

♦ 

Another characteristic of great importance is the density. 
Volu— Height measurement methods are used to determine density 
at the source of procurement and a simple flotation method is 
I'sod at the processing plant. Very little' balsa with a density 
below seven pounds per cubic foot is used because it contains 
large aaounts of ler -strength short fibers. The standard den- 
sity ranges established by kof . 10 are: 7-9 lb./cu. ft., 

9-11 lb./cu. ft., 11 - V< lb./cu. ft. and lit - 13 lb./cu. ft. 

Tests to determine the effect of the 1 end curing temperatures 

and elevated surface empera tunes on the balsa demonstrated that 

balsa is capable of withstanding exposure to high temperatures 

for skort periods. Subsequent comparative t- sts have shown that 
« 

tie " ending; adhesives a.-c generally the lis&tinr factor wltcn 
extreme conditions of -75° F. or above 250° F. are encountered. 

In tl)c fabricatin conventional woodrrorkin . oquiprosnt and 
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SURFACE COOLING RATE — Sample 1-2 



Thermometer Located Over 
Solid Area 


Thermometer Located Over 
Void Area 


Time 


Temperi ture 


Time 


Temperature 


10:13 


127 °F. 


09:36 


128 °F. 


:15 


122 


:38 


120 


1 17 


117 


:liO 


111 


:19 


109 


:h2 


107 


: 21 


105 


•M * 


102 


: 23 


101 


;U6 


98 


:25 


97 


: — 


— 


, 12 Fin. 


• 

fro, 

o 

o 


10 Fin. 


o 

o 

TJ 

• 


Rate 2.5 °/ Fin. 


Rate 3.0 °/ Fin. 



Table I 

SURFACE COOLING RATE — Sample 2-1 



Grid Point 


1 


13 


7 


19 


10 


8 


11 


Time order 
















13:U2 1-11 
lh:lk ll-l 


• • 

O O 


118.0 

113.0 


119.0 

113.0 


117.0 

115.5 


116,0 

116.5 


116.0 

117.0 


115.0 

113.0 


Average 


116.5 


115,5 


116.0 


116.3 


116.3 


116.5 


116.5 


13:U6 1-11 

llr.18 11-1 


M M 
O O 

OS 

• • 

o o 


107.5 

103.0 


105.0 

99.0 


106.5 

105,0 


106.0 

106,0 


103 . U 

103.3 


103.0 

103.0 


Average 


105.5 


105.7 


102.0 


105.8 


106.0 


103.3 


103.0 


13:50 1-11 
Hi *22 11-1 


98.7 

96.0 


98.0 

96.0 


9U.0 

95.0 


97.0 

98.0 


90.5 

98.5 


93.0 

96.7 


9h.O 

96.5 


Average 


97.3 


97.0 


9J:.5 


97.5 


97.5 


9)4.8 


96.5 


Average Deg- 
rees cooled 
in 3 min. 


19.2 


18.5 


21.5 


18.8 


18.8 


21.7 


1 

20.0 


Average Cool- 
ing Rate 


2.1:0 


2.31 


2.69 


2.35 


2.35 


2.71 


2.50 



Table II 
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SURF/VC E COOLING RATE — Sample 2-2 



Grid Point 


1 


13 


7 


19 


10 


8 


11 


Time Order 
















15:02 1-11 
15:35 ll-l 


liU.o- 

106.0 


112.5 

107.3 


11U.0 
| 107.0 


113.5 

107.0 


111.5 

110.0 


111.0 

110.0 


110.0 

110.5 

1 


Average 


110.0 


109.9 


110.5 


110.5 


110.7 


h“ — ■ — 1 

110.5 


! 110.3 

. 


15:06 1-11 
15:39 11-1 


101.5 

95.0 


99.0 

92.5 


101.8 
9U. 0 


101.0 

9U.5 


99.5 

98.0 


98.5 

98.0 


98.0 

98.0 


Average 


98.3 


95.8 


97.9 


97.8 


98.8 


98.3 


93.0 


15:10 1-11 
15-.U1 ll-l 


92.5 

83.0 


90.3 

86.3 


92.5 

87.0 


92.0 

87.5 


91.0 

90.0 


90.0 

90.0 


90.5 

90.5 


Average 


90.2 


88.3 


89.8 


89.8 


90.5 


90.0 


90.5 


Average Deg- 
rees Cooled 
in 8 Min. 


| 

19.8 


' 

21.6 


20.7 


20.5 


20.2 


20.5 


19.8 

i 


Average Cool- 
ing Rate 
°/ Min. 


2.L8 


2.70 


2.59 


2.56 


2.52 


2.56 


2. Li8 



Table III 
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SURFACE COOLING RATE — Sample 2-3 



Grid Point 
Time Order 


1 


13 


7 


19 


10 


8 


11 


16:12 1-11 
16:53 11-1 


120.8 

119.0 


120.0 

119.0 


120.0 

120.0 


119.5 

119.8 


120.0 
; 120.5 


1 119.0 
120.8 


118.8 

121.3 

i 


Average 


119.9 


119.5 


120.0 


| 119.7 


120.3 


119.9 120.0 


16:16 1-11 
16:57 11-1 


110.0 

109.5 


112.5 

111.8 


112.0 

112.5 


111.0 
i 112.5 


110.3 

110.0 


109.5 

112.5 


109.5 

110.3 


Average 


109.8 112.2 


112.3 


111.7 


110.1 


111.0 109.9 


16:20 1-11 

17:01 11-1 


103.0 

103.0 


107.0 

106.0 


105.8 

106.5 


! iou .5 
107.0 


1 102.0 
102.5 


103.0 102.0 
106.5 102.5 


Average 


103.0 


106.5 


' 106.2 


105.8 


1 102.2 


105.3 102.2 


Average Deg- 
rees Cooled 
in 8 Min. 


16.9 


13.0 


13.8 


13.9 


18.1 1 U .6 17.8 


Average Cool- 
ing Rate 
°/ Min. 


2.11 


1.63 


1.73 


1.71* 


1 

2.26 

. 


| 1-83 | 2.23 



Table IV 
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TEMPERATURE OF AIR IN $00 cu. in. UPPER CHAMBER CLOSED 



Exposure 

Time 


Control 

Panel 


Sample 

2-1 


Sample 

2-2 


Sample 

2-3 


Initial 


73 °F. 


71 °F. 


72.5 °F . 


71.0 °F. 


5 Min. 


79.5 


81.0 


80.0 


79.0 


10 Min. 


89.0 


91.0 


89.0 


88.0 


15 Min. 


97.0 


97.5 


96.5 


95.3 


20 Win. 


101.0 


102.5 


101.5 


100.5 


Temperature 
Increase in 
20 Minutes 


23.0 


31.5 


29.0 


29.5 



Table V 



Oven Temperature 150°F. 

Room Temperature 71°F. 



TIME FOR 10° TEMPERATURE RISE IN $00 cu. in. UPPER CHAMBER 



Sample 


Control 

Panel 


Sample 

2-1 


Sample 

2-2 


Sample 

2-3 


Initial Tem- 
perature in 
Upper Chamber 


73.0 °F 


71.0 °F 


72.5 °F 


71.0 °F 


Time Required 
to Increase 
Initial Tem- 
perature 10°F 


7.0 min 


5.0 min. 


5.5 min 


7.0 min 


o 

o 

CNJ 


11.5 


10.0 


11.0 


11.0 


" 30° 


21.5 


18.0 


20.5 


20.0 



Table ^ 
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Results of Inspection of Small Defective Panels by Tapping, 
Internal Pressure, and a Combination of Internal Pressure and Heat 
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ARRANGSJ'ENT OF BALSA CORE IN W ETA LITE SAND’YICH MATERIAL 

Fig. 1 
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! T, ' '^CoreLrfraoved 
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Sample 1-1 



Sample 1-2 



KSTALITE TEST SAMPLES 



SERIES 1 



Fig. 2 






IS 




Open Bond 




2-1 




Over Stressed 
Area 



Heated Area 




2-3 



SERIES 2 TEST SAMPLES 



Fig. 3 



// " 



ZZZZ7 ? | 

/ 

/ 



ZZZZ27 I 



Open 

Bond 






/ 

/ 

A a s* y 



Heated 

Area 




Control 

Strip 



3-1 



3-2 



3-3 



SERIES 3 TEST SAMPLES 

Fig. U 

Test Biscuits removed from these areas for final 
bond tension testing. 




-Zi' n - 



SAMPLE U - 1 

Fig. 5 




SAJ PLE h - 2 



Fig. 6 




*t 

AIRCRAFT DOOR 
Sample U~3 Fig. 6a 



3/U" 


1" 


( 


v -' 


'' “ X 




\ 

I . 




1 f 




2 11 


U" 






Test Sample 5 



Mg. 7 



Temperature 

Averages 

1 121.0 °F 

3 119.6 
7 119.5 

11 119.5 
13 119.8 

17 119.7 

21 120.0 



f 

/'? 

/zy 


z. 
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/ao* °f 
//<?*■ 
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\r~ 

/z$°F 
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6 


7 

/AlV 

/**- 
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/AO 

MO 
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/ A 6.0 
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/if 

/AO.J-y 
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/'r.o 


/y 


/*~ 

/AO S~*r 

/AOS 

f'f 




'r 

/A o.o 
// fj - 


/& 


/AS*' 

/'fiO 


J o 


A/ 

/a oSr 
//?*' 




/Aj.O 

/A/.O 


* r 


1 S 

/±JS<r 

'+> 

/3L/.S 



Temperature 
Averages 
5 121.3 °F 

9 120.3 

15 119.8 

19 121.5 

23 121.5 

25 122.5 



HEAT ABSORPTION OF CONTROL PANEL AS 
INDICATED BY SURFACE TEMPERA IRE 



Average of Three tests: 6 ‘ 

Maximum variation 3*5° 

Maximum variation 3.0° Sample 2-2 and 2-3 tested in one 

Sa mple 2-1 run on ly — results not sho wn. 



Adjustable 




3 




/ / 

r ? 4 H 

SCRAP MATERIAL SAMPLE USED IN BRITTLE LACQUER TEST * 

Fig 10 



l/wr 



Control 









3-1 



K-V 

s\- 

* ! 

/b 

•sH ! 

_>-v 






3-2 



£ 

u 

^ CJ 



l 



"~fe 



4 

V / 



3-3 



BRITTLE LACQUER PATTERNS ON SERIES 3 TEST SAMPLES * 

Fig. 11 



* The indications in Fig. 1 s above show the general location 
of early c necking. Distinct lines or patterns were not 
obtained. 





DIAGRAM OF SONIC VIBRATION TESTING E'J'UFt'ENT 
(Oscillograph method) 



Fig. 12 



Magnitude of Scope Waves 
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Sample 2-2 




Series 2 Samples 



Vibration Wave variation 
plotted vertically from 
1 in. Reference Lines 



1 in. Reference Lines 
also grid lines 



Scope Grid 




Section of Scope Showing 
Wave Form Appearing 



1 Full Wave as it ap- 
peared - Sta. 1 

2 Section of Wave 

St-. 2 



Vertical Scale Wave Amplitude 
Full Scale 



Fig 12a 




Section 
Through 
Defective Area 



I 




Metal Filings Over Defective Area Sample 1-1 

Fig. 13 




Silicon Powder Indications Sample 2-1 
See Pattern Diagram Next Page 



*'ig- Hi 








Silicon Powder Patterns 
Series 2 & 5 Samples 

. . Fig. 1U 




Sample 2-1 in Smoke Chamber 




2-1 





Smoke Patterns for Series 2 Samples 



Fig. 15 








Series 2 Sample >Vith transducer 
For Oil Pool Test 

Sample li-l Also Used in Oil Film 
est Shown in Background 




Sample 2-1 

Approximate Oil Pool Coverage 
Showing Points of Pool Rupture 




Oil Pool Coverage and Approximate 
Location of Ripple Bands Observed 

*ig. 16 




t 

1 

I 



Vacuum Chamber, Ames Dili and Support Tit. pod 
Used in Surface Deflection Method 



Fig. 



16 a 




\ 




1 Wood and Glass 



3 Flat Wooden Surface 



jj^ 5 Maple End Block 



: 




2 Metal Points 




u 


Sponge Rubber Pads 


- 




9 


6 


Steel Balls 



Six Typical Supports Used in Tapping Method Tests 



Fig. 17 






r ' 



Sample k~3 

Fetalite Aircraft Door 





Diagram of Bond Conditions Determined by Trained 
Inspector Chance Vought Aircraft Corp. Dallas, Texas 



Fig. 18 



Core 

or 

Bond 

Strength 

Normal 

to 

Faces 




TYPICAL CORE SECTION 

BALSA END-GRAIN Fig. 19 




(Normal to Faces) - 100,000 psi 



v ace 

Yrinkling 

Stress 

p • S • 1 • 



EFFECTS OF STRENGTH OF 3ALSA CORE AND BOND 
ON vYRINKLING STRESS OF 75S-T FACES 






Fig. 20 



r 




Electric Oven with 
Heating Cover and Sample 
2-1 in Place as Used in 
Thermal Conductivity Tests 



Upper Chamber in Place 
Over Heating Cover and Sample 
as Used for Total Panel Test. 

* For Smoke Convection 
Wethod the Upper Chamber was 
Replaced by Glass Covered 
Smoke Box Shown in Fig. 15. 



EJJJIJVENT USED IN THERF4.L 
CONDUCTIVITY TESTS 

Fig. 21 




Sound ; /ave Reflection Teat 
Equipment. Vicrophone pick-up 
in Left Tube and Srm.ll Speaker 
Unit in Right Tube. 

Tubes Fixed at U5° Angle 
but Adjustable in Length. 

Base used on various mount- 
ings for mobility. 

ADDITIONAL TEST EJUIFTENT 
Fig. 23 



Pick-up Uolder Used in 
Tests. Designed to vary 
Probe -to -Surface pressures. 
WoDile to explore entire sur- 
face using constant pressure. 

Sample 2-1 and small trans- 
ducer also shown. Note de- 
fective area outlined on simple. 

ADDITIONAL TEST R JUXB'ENT 



Fig. 2h 




- 




DISPLAY OF SAMPLES AND E JTJIFVRNT 

Fig. 25 

The Above Fig. 25 is a display of typical items used during 
the experiment. They Are: 

Rear Above The Table 

Test, Sample U— 1 and the base of the Oscillograph equipment 
Rear Row on the Table from Left to Right 
The modified aviation microphone pick-up 

A 2 in by 2 in test biscuit and another biscuit mounted in 
a frame for tension testing 

A scrap-material sample used in the heating tests 

A 1 in. by 1 in. test biscuit in testing frame 

A C O 2 container used to frost surfaces 

One U in by 6 in balsa core ready for assembly 

A bottle of Redux liquid and a bottle of Redux powder 

The magnetic and dynamic transducers 



Center Row 



A sample of Me tali te with a circular biscuit removed. 

(this is the type sample Chance Vought uses) 

A second Balsa Core with a circular test biscuit on it 

A surface sheet of Aluminum coated with Redux liquid and 
powder - dried ready for assembly. 

Front Row 

A test sample 3 - l 

Two broken circular test biscuits 

Two 1 in. by 1 in. test biscuits taken from test samples 

The control strip of series 3 samples 

Under the Table 

Rear is the Blast box with sample 2-1 in place on it 

In front left is the control panel of series 2 in place on 
the adjustable mounting rack 

Right is the 10 in. dynamic speaker u3ed to obtain the sound 
wave fields used in the tests 



DATE DUB 
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